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ABSTRACT 
 
Background: The rapid growth of informal settlements is making it difficult 
for the government to provide adequate infrastructure and sustainable 
infrastructure, hence the provision of temporary or interim sanitation 
facilities which often do not meet the households’ sanitation needs. Informal 
settlements are faced with a number of challenges, including lack of basic 
services and infrastructure, insecure land tenure, poverty and 
overcrowding. To address the inequalities, infrastructure such as shared 
chemical toilets are provided to informal settlements. Shared facilities are 
only acceptable when they meet the standards for accessibility, safety, 
hygiene and maintenance. Inadequate water, sanitation and hygiene 
(WASH) represent an important health burden in informal settlements. The 
objectives of this mixed-method study therefore were to describe health and 
hygiene risk associated with the use of chemical toilets in informal 
settlements. 
 
Methods: Data was collected using households questionnaires (n=171), 
drinking water samples (n=53), households’ dishcloths (n=86), hands 
swabs (n=49), toilets seats (n=36) and door handles (n=07). Faecal 
indicator bacteria (FIB), E. coli was used to determine hygiene practices of 
households.  
Results: The presence of E. coli was observed in the drinking water, 
dishcloths, household’s hands and toilet seats. These results highlighted 
unhygienic conditions and the potential human health risk associated with 
faecal-oral diseases transmission. E. coli contamination was associated 
with poor hygienic conditions in dishcloths, unhygienic handling and storage 
of drinking water and poor cleanliness of the chemical toilets.   
We further examined the households’ perception and receptiveness to the 
use of chemical toilets. The results revealed dissatisfaction with the use of 
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chemical toilet as households felt their privacy and dignity were not 
maintained. Finally, we observed that households were not feeling safe to 
use the chemical toilet at night due to possible criminal activity concerns.  
Conclusion:  Chemical toilets provided in informal settlements do not 
adequately address the sanitation needs of households. The presence of E. 
coli in the drinking water, dishcloths, hands and toilet seats surfaces 
increases the community’s risk of exposure to potential faecal-oral 
diseases. The results of this study should encourage the development 
municipality policy and strategy on providing hygienic and sustainable 
sanitation facilities, which includes hand washing facilities. In addition, 
sanitation facilities should be safe, accessible, provide privacy and maintain 
dignity of users. Government needs to respond promptly to the water and 
sanitation needs of marginalized communities with limited resources, in 
order to avoid the occurrence of potential faecal-oral diseases. 
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                                         CHAPTER 1 
INTRODUCTION AND BACKGROUND OF THE STUDY 
 
1.1 Introduction  
The rapid growth of informal settlements in South Africa makes it hard for 
the government to ensure the provision of adequate infrastructure, hence 
the use of temporary or interim sanitation facilities that often do not meet 
the households’ sanitation needs. Unsatisfactory sanitation services and 
hygiene are the major causes of diseases worldwide and ranked eleventh 
on the list of risk factors causing deaths in South Africa according to the 
tenth revision of the International Classification of Diseases (WHO, 2004). 
To address the rapid sanitation needs in informal settlements, municipalities 
have introduced shared toilet facilities such as chemical toilets.  
Due to expanding urbanisation and informality, providing satisfactory 
sanitation infrastructure in informal settlements is becoming a challenge, 
residents are forced to share the few available facilities as the best practical 
alternative (Simiyu, Swilling, Cairncross and Rheingans, 2017a). The 
National Sanitation Policy proposes moving away from treating informal 
settlements as short-term and emergency environment but treating them as 
established communities that require long-term planning and permanent 
structures (DWS, 2016).  
According to the Joint Monitoring Programme, the attainment of basic 
sanitation in 90 countries is excessively low, about 2.3 billion people do not 
have access to basic sanitation services and about 600 million people share 
a toilet with other different households which means they will not reach the 
desired universal inclusion by 2030 (WHO, 2017a). In 2015, South Africa 
was amongst the countries that adopted the Sustainable Development 
Goals (SDGs), in order to achieve access to adequate and equitable 
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sanitation for all. The country is still to attain the above-mentioned goal, as 
most of the communities still do not have access to adequate and equitable 
sanitation. According to Statistics South Africa, an estimated 2.5 million 
households nationally are using an unventilated pit latrine, 110 000 
households using the bucket system and 727 000 households had no 
access to toilet at all (Stats SA, 2016).  
The main purpose of the 2030 Agenda for Sustainable Development Goal 
6 is to ensure the accessibility and sustainable management of water and 
sanitation for all (WHO, 2015a). The acknowledgment of this sanitation 
target means creating frameworks that are sheltered, reasonable, utilitarian 
and maintainable both ecologically and monetarily over the long term. The 
main focus of the study emanated from the need to describe the health and 
hygiene risk associated with the use of chemical toilets in informal 
settlement in the City of Tshwane Metropolitan Council. 
1.2 Background 
1.2.1 Legislative framework for the right to sanitation 
The right of access to adequate sanitation is not directly enshrined in The 
Constitution of the Republic of South Africa, Act 108 of 1996 but could be 
taken from the right to a clean environment and clean water as prescribed 
in chapter 2 of the Constitution under the Bill of Rights (South African 
Constitution, 1996). The White Paper on Basic Household Sanitation (2012) 
recognises that the government has a constitutional obligation to ensure 
that all citizens have access to adequate sanitation (DWAF, 2012).  
To fulfil the constitutional obligation of providing adequate and equitable 
access to sanitation, short-term interventions such as chemical toilets are 
provided to informal settlements. The National Sanitation Policy (2016) 
proposes moving away from considering informal settlements as short-term 
and emergency environment to treating them as established communities 
that require long-term planning and permanent structures (DWS, 2016).  
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1.2.2 Institutional arrangements for sanitation services 
Local government or municipalities are mandated under the Municipal 
Systems Act, Act 32 of 2000 to create strategic and integrated plan for the 
delivery of basic sanitation to areas under their jurisdiction (DPLG, 2000). 
The Integrated Development Plan for the City of Tshwane (2017-2021) 
states that services such as water and sanitation will be provided to informal 
settlements through the formalisation process (DPLG, 2016).  
To ensure the co-ordination and regulation of sanitation services, The City 
of Tshwane has developed The Sanitation by-law. However, the by-law do 
not make any provision for chemical toilets, only considers the installations 
and operations of septic tanks, conservancy tanks, french drains and 
ventilated improved pit latrines (CoT, 2003). The rendering of sanitation-
related services within the municipality lies mostly within two departments, 
namely: Water and Sanitation Department and Municipal Health Services 
(MHS) respectively. The water and sanitation department oversee and 
ensures the rendering of water and sanitation services to the communities. 
The role of MHS is to render health and hygiene promotional education 
programmes.   
1.2.3 Sanitation challenges in informal Settlements, South Africa  
According to the General Household Survey, 13.5% of households were 
living in informal dwellings and about 0, 3% of the informal dwellings were 
using chemical toilets (Stats SA, 2016). South Africa is faced with a growing 
challenge in ensuring that all citizens have suitable basic services such as 
housing, water, sanitation etc. According to Department of Human 
Settlement (2013) the main obstacles in the provision of sanitation-related 
facilities in informal settlements are lack of land ownership and formal 
demarcation. These statement is consistent with the description of informal 
settlements by The Housing Development Agency (2013) which defines 
informal settlements on the basis that they develop illegal, informal and 
inappropriate locations due to social stress. 
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Despite the above mentioned challenges, informal settlements are also 
faced with health and hygiene related concerns. Most informal settlements 
are allocated with chemical toilets, without a clear regulated household’s 
ratio. Consequently, exceeding the desired allocation and affecting the 
chemical toilet usage in terms of cleanliness and lifespan. Poor cleanliness 
may contribute to an increased risk of communicable diseases in the 
informal settlements. According to Navab-Daneshmand, Friedrich, Gächter, 
Montealegre, Mlambo, Nhiwatiwa, Mosler, and Julian (2018) environmental 
surfaces within households are important exposure pathways for diarrheal 
diseases particularly in economical disadvantaged countries. 
1.3 Problem Statement  
The current sanitation service of chemical toilets provided in informal 
settlements, in the City of Tshwane is failing to adequately address 
households’ sanitation needs. The indefinite use of chemical toilets, which 
were meant for temporary use, has the potential to create health and 
hygiene risks. Therefore, there is a need to carry out a study to assess and 
describe the health and hygiene risks associated with the use of chemical 
toilets in informal settlements.  
1.4 Significance of the study 
The significance for the study is supported by the National Sanitation Policy 
(2016) which proposes moving away from considering informal settlements 
as short-term and emergency environment but treating them as established 
communities that require long-term planning and permanent structures 
(DWS, 2016). 
1.5 Research Question  
The focus of the study is structured mainly on the question: Is the continued 
use of chemical toilets increasing the risk of infection for community 
members using these toilets, especially if maintenance, cleanliness and 
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hygiene practices are considered. The research question emanated from 
The Integrated Development Plan for City of Tshwane Metropolitan Council 
(2017-2021), which states that basic  services such as water and sanitation 
will be provided to informal settlements through the formalisation process, 
without specified timeframes (DPLG, 2000). 
1.6 Aims and objectives  
The aim of the study is to describe the health and hygiene risks associated 
with the use of chemical toilets provided in Zithobeni Extension 8 informal 
settlement as a temporary solution. 
The objectives of the study were to:  
 Observe and evaluate the cleanliness of selected chemical toilets in the 
settlements in terms of visual appraisal and bacteriological analyses 
 Examine households’ perception and receptiveness to the use of 
chemical toilets 
 Determine hygiene practices of users through testing of the presence of 
E. coli (hands, doors, seats, drinking water, and dishcloths) as an 
indicator organism for faecal contamination 
1.7 Conclusion 
The chapter presents an introduction to the major challenges facing informal 
settlements in accessing adequate sanitation. While there are numerous 
hindrances to the provision of sanitation services, this study was driven by 
the need to understand the wide variety of health and hygiene risks 
associated with the use of chemical toilets in informal settlements. While 
hindrances to arrangement of sanitation administrations are many, this 
investigation was roused by the need to comprehend the wide scope of 
wellbeing and cleanliness dangers related with the utilization of synthetic 
toilets in casual settlements. 
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                            CHAPTER 2 
 
          LITERATURE REVIEW 
 
2.1 Introduction 
 
This chapter describes the global and South African status on sanitation, 
with emphasise on service delivery and the growing population. It also gives 
the background on the adoption of the Agenda 2030 Sustainable 
Development Goals with specific to sanitation. The chapter also highlights 
the status on the rendering of sanitation services in South Africa as well as 
key legislations governing sanitation service delivery in informal 
settlements. The section also discusses the sanitation interventions, goals 
as well as targets for the provision of chemical toilets in informal 
settlements.  The responsibilities of different sectors in the operational and 
maintenance of chemical toilets in informal settlements are highlighted in 
the chapter. 
2.2 Definition of key concepts 
The following set of key concepts were used to define the research problem 
in order to fully understand the health and hygiene risks associated with 
chemical toilets in informal settlements: 
Sanitation refers to the principles and practices relating to the collection, 
removal or disposal of human excreta, household waste water and refuse 
as they impact upon people and the environment (DWA, 2003).  
Basic sanitation service is defined as the provision of a basic sanitation 
facility that is easily accessible and operational to a household, such 
services includes the safe removal of human waste and waste water from 
households to ensure good sanitation, hygiene and related practices 
(DPLG, 2005). 
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Basic sanitation facility is defined as an infrastructure necessary to 
provide a sanitation which is safe, reliable, private, well ventilated, able to 
keep smell to the minimum, easy to keep clean, minimises the risk of the 
spread of sanitation-related diseases and enables safe and appropriate 
treatment and/or removal of human waste and wastewater in an 
environmentally acceptable manner (DPLG, 2005). 
 
Adequate sanitation facility- A facility that effectively separates excreta 
from human contact, and ensures that the excreta do not re-enter the 
immediate environment to pose any risk to the humans or the environment 
(DWS, 2017). 
Chemical toilet is defined as a portable, stand-alone unit which utilises 
chemicals to neutralize human waste (Tissington, 2011). These units are 
ideally designed as a temporary sanitation solution for construction sites, 
farms, camp sites, music festivals or any large gatherings because of their 
convenience.  
Improved sanitation facilities are defined as infrastructure that 
hygienically separates human excreta from possible human contact 
(UNICEF, 2017a). 
Sanitation services are defined as the collection, removal, disposal or 
treatment of human excreta and domestic wastewater, and the collection, 
treatment and disposal of industrial wastewater (DWA, 2003). 
Shared sanitation is defined as sanitation of an acceptable type that is 
shared between two or more households (JMP, 2015). 
Hand washing facilities is described as a facility comprising of a sink with 
tap water, buckets with taps, tippy-taps and portable basins. It can also 
include other devices that can contain and regulate the flow of water (JMP, 
2017). 
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Hygiene is described as personal and households practices and conditions 
that help to maintain health and prevent the spread of diseases (WHO, 
2017). 
Informal settlement is described as an unplanned dwelling on land which 
has not been proclaimed as residential (Stats SA, 2016). The 2009 National 
Housing Code’s Informal Settlement Upgrading Programme identifies 
informal settlements on the basis of the following: 
 Illegal and informal setting 
 Restricted public and private sector investment 
 Poverty and vulnerability 
 Social stress 
2.3 Global status on sanitation delivery 
 
A significant advancement has been made in sanitation in the previous 
couple of decades. As indicated by the WHO/UNICEF Joint Monitoring 
Program (JMP) for water supply and sanitation there is an expansion of 
"improved" sanitation access globally from 54% to 68% , between the year 
1990 and 2015 (WHO, 2015). Despite this positive progress, there is still a 
need for sustained universal coverage that requires funding and institutional 
arrangements to secure investments into effective service delivery (Hutton 
and Varughese, 2016).  
Sanitation inclusion insights among the most marginalized groups, for 
example, informal settlements are as yet deficient (Joshi, 2011). The 
statistics on improved sanitation are not inclusive of malfunctioning 
sanitation systems. The majority of the sanitation systems, for example, 
chemical toilets must be intermittently emptied, an exercise that might be 
expensive for households and hard to do high-density in settlements.  Focus 
should also be on understanding geographic inequalities in sanitation by 
identifying marginalized population, previously hidden within national 
statistics (Pullan, Freeman, Gething, and Brooker, 2014).  
9 
 
2.3.1 Adoption of Sanitation Sustainable Development Goal (SDGs) 
The 2030 Agenda for Sustainable Development calls for an increasingly 
incorporated and advancement of practical sanitation solutions. This is 
outlined in Goal 6, to ensure availability and sustainable management of 
water resources and sanitation for all. To attain the above goal, the following 
targets have been set: 
 Target 6.1 - By 2030 achieve universal and equitable access to safe 
and affordable drinking water for all citizens (WHO, 2015a)  
 Target 6.2 - By 2030 achieve access to adequate and equitable 
sanitation and hygiene for all. The target also aim to end open 
defecation and taking into consideration to the needs of women in 
vulnerable situations (WHO, 2015a) 
The clean water and sanitation goal was adopted after acknowledgement 
of the limitation on the Millennium Development Goals (MDG’s). MDGs at 
first did not have any sanitation target, however in the year 2002 an 
objective planned for reducing the portion of individuals who do not have 
access to improved sanitation by the year 2015 was included and 
consequently the adoption of the SDGs (WHO, 2015a). The 
acknowledgment of this objective could alleviate an enormous weight of 
infectious diseases, improve the wellbeing of communities as set in 
objective 3 of the SDGs. Goal no.6 also calls for protection of natural 
drinking water sources that are frequently contaminated by faecal 
pathogens.  
The adoption of objective 6 of the SDGs required talks among worldwide 
leaders inside the sanitation division, to drive the sanitation focus past the 
least inclusion to a coordinated, sustainable and economical way. Through 
the talks, it was perceived that guaranteeing widespread access would 
require more regard for value to address needs of various groups 
particularly women and individuals with handicaps. Andersson, Dickin and 
Rosemarin (2016), states that to guarantee general access the dysfunctions 
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and disparities in the present models of sanitation arrangement ought to be 
investigated. 
The WHO/UNICEF Joint Monitoring Programme (2017) issued a new 
measure of access to sanitation as a percentage of population using safely 
managed services, inclusive of a facility for the washing of hands ,supplied 
with soap and water  (WHO, 2017a). However, Buckley and Kallergis (2018) 
argues that the new measure fails to express how shared toilet facilities 
contribute towards the SDG sanitation target. The new measure do not 
indicate whether progress is being made in low-income urban areas where 
a large number of households still rely on shared sanitation.  
2.4  Sub-Saharan Africa status on sanitation service delivery 
 
Sub-Saharan Africa (SSA) has recorded the most minimal levels of access 
to both drinking water and sanitation globally (WHO, 2015b). In excess of 
180 million people still need access to improved sanitation, most 
communities still use pit latrines, septic tanks and other on-site 
arrangements, some of which requires thoughtfulness to develop better 
sanitation systems for faecal management (O’Keefe, Lüthi, Tumwebaze 
and Tobias, 2015). 
 
Sanitation infrastructure, especially sewer systems are still not available in 
large parts of sub-Saharan African countries hence the use of inadequate 
infrastructures (Wang, 2014). With 72% of the Sub-Saharan countries  still 
lacking access to basic sanitation, the realisation of SDG  number 6.2  
seems too far from reach given the slow progress being made around 
sanitation and continuous debate on whether shared sanitation should 
always be considered ‘limited’ is needed (Chipungu, Tidwell, Chilengi, 
Curtis, and Aunger , 2019) 
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Because of impoverishment and related land-rights boundaries, most 
people in South Africa are compelled to remain in informal settlements 
where sanitation services are frequently low or non-existent. A significant 
gap identified in sanitation service delivery approaches is the need to stress 
equity as a core principle of sustainability, particularly in a socio-economic 
context of extreme inequity (Pans, 2016).  
The National Sanitation Policy (1996) mentions the following as the major 
types of sanitation systems used in South Africa: 
 Traditional unimproved pits, bucket toilets, portable chemical toilets, 
ventilated improved pit toilets, low flow on-site sanitation , Septic tanks 
and soak ways, septic tank effluent drainage (solids-free sewerage) 
systems and full water-borne sewerage. 
Despite the policy acknowledging the above as the main types of sanitation 
systems, it should be noted that some of these technologies do not qualify 
the criteria for adequate sanitation, for example: 
Traditional unimproved pits do not adequately provide a barrier against 
flies, and is also associated with other defects which are usually related to 
quality of construction. 
Bucket system does not provide adequate sanitation, not socially 
acceptable to most people. 
Portable chemical toilets are not encouraged, they are ideal in emergency 
situations and to be used only for short periods due to the high running costs 
involved (DWS, 2016). 
2.5 Sanitation service delivery in South African informal 
settlements  
The challenges on the provision of basic services to informal settlements 
have been acknowledged by the South African governments. According to 
Marutlulle (2017) government policies, population growth, municipal 
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organisational issues and economic situations are some of the contributors 
to failure in the provision of basic services such as sanitation in informal 
settlements. The population growth over-whelms the ability of most 
municipal authorities to provide even the most basic services, such as 
sanitation. According to Nassar and Elsayed (2018) dwellers in informal 
settlements have no access to proper sanitation, as a results are exposed 
to infectious diseases, indoor and outdoor polluted water. 
The following are some of the highlighted difficulties in the provision of basic 
sanitation services in informal settlements:  
 Accessibility issues such as unplanned expansions, narrow streets and 
muddy paths, prevent easy collection of wastes (O’Keefe et al., 2015) 
 The lack of political leadership and willingness, weak or conflicting 
governance arrangements aimed at improving living standards and 
access to basic services (Murungi and van Dijk, 2014) 
 Residents in informal settlements have to pay higher costs for basic 
services than households in richer areas because they lack the political 
and economic power to obtain better  and cheaper services (Simiyu et 
al., 2017b) 
 Lack of formal tenure arrangements and a transient population which 
dampen the demand for private investment in sanitation facilities. Lack 
of tenure and title deeds discourages sanitation agencies from 
providing services and also discourages households from investing in 
good sanitation facilities because of their fear of being moved on to 
other locations (Hutton and Varughese, 2016). 
2.6 National legislation governing sanitation service delivery in 
South Africa (1994- 2017) 
According to the SDG Indicator Baseline Report 2017, The South African 
government has developed legislations in an effort to try and meet both 
international and domestic sanitation goals (Stats SA, 2017). The 
development of sanitation legislations was to address the past imbalances 
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of apartheid, in an attempt to make sure that all citizen has equitable access 
to portable water and adequate sanitation services. 
2.6.1 The White Paper on Water Supply and Sanitation Policy   
(DWAF, 1994) 
The realisation that about 21 million South Africans do not have access to 
adequate sanitation facilities, necessitated the development of this policy. 
The policy stressed that sanitation services should be self-financing at a 
local and regional level and exception be made for poor communities.  The 
policy is also intended to close gap for the lack of comprehensible policy in 
water and sanitation, in order to achieve a comprehensive development 
strategy, which will promote ‘one right with two components’. 
2.6.2 The Local Government: Municipal Systems Act, Act 32 of 2000 
(DPLG, 2000) 
Municipalities are mandated under this Act to develop strategic and 
integrated plan aimed at the provision of basic sanitation to areas under 
their jurisdiction (DPLG, 2000).  Municipalities must develop an indigent 
policy that assist poor households to access basic municipal services. 
Despite sanitation being regarded as a human right there is still a concern 
that the most vulnerable and marginalised households are not enjoying this 
privilege as free basic sanitation services mostly benefit households 
connected to the sewer networks. 
2.6.3 The White Paper on Basic Household (DWAF, 2001) 
Recognises that the government has a constitutional responsibility to 
ensure that all South Africans have access to adequate sanitation. It sets 
out the structure for the provision of sustainable sanitation, in particular for 
households who had no access to adequate sanitation services in the past. 
The paper recognises that rural areas and informal settlements are 
identified as the areas with the greatest need. The significance to this White 
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Paper is that provision of sanitation services should be demand driven and 
community based. Community participation should be encouraged and 
household sanitation choice be taken into consideration. Households 
should be equipped to maintain and service their toilets themselves. 
2.6.4 The Strategic Framework for Water Services (DWA, 2003) 
It emphasises the sustainable maintenance of toilets by municipalities within 
their area of jurisdiction. The above calls for review of the sanitation policy 
to avoid misinterpretation and contradictions by municipalities. There is also 
a need for the development of obligatory national standards for both basic 
sanitation and waterborne sanitation service levels that will meet the 
constitutional right to basic sanitation for all.  
2.6.5  The National Sanitation Policy (DWS, 2016)  
This policy proposes shifting away from treating informal settlements as 
temporary and emergency environment but treating them as established 
communities that require long-term planning and permanent structures. 
Under this policy the “seven policy pillars” to achieve hygienic, sustainable, 
equitable and efficient sanitation services are addressed. 
2.6.6 National Norms and Standards for Domestic Water and 
Sanitation Services (DWS, 2017)   
 
This piece of legislation describes the core national norms and standards 
for levels of water services and sanitation which are applicable as from 2017 
onwards. It promotes the principles of universal access, human dignity, user 
participation, service standards, redress, and value for money. Also 
emphasises that hygiene promotion should form part of the sanitation 
service to minimise the spread of faecal-oral and other related diseases.  
The policy also advocates the provision of services to indigent households, 
as per the definition:  
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 Indigent households: are people living in one household who 
collectively earn less than R1600 per month. Indigent households 
should be registered with the relevant water services provider 
(WSP).  
The WSP is mandated to re-evaluate the status of indigent households on 
a regular basis to ensure integrated water demand management. 
2.7 Goals and Interventions for sanitation service delivery in South 
Africa 
2.7.1 Sanitation Goals 
The main sanitation goal is that all people living in South Africa should have 
access to appropriate, acceptable, safe and affordable basic water supply 
and sanitation service by 2030 in order to meet the country’s international 
obligations towards achieving SDGs (DWS, 2017). Eliminating sanitation 
backlog by 2014.  All citizens should be educated on healthy living practices, 
specifically with respect to the use of water and sanitation services. Water 
and sanitation services to be provided equitably, affordably effectively, 
efficiently, sustainable and gender sensitively. Increase the percentage of 
households with access to a functional sanitation service from 84% in 2013 
to 90% by 2019, including elimination of bucket sanitation (DPME, 2014). 
In relation to this study, The City of Tshwane Metropolitan Municipality  
Integrated Development Plan (2017-2021) states that basic water and 
sanitation services will be provided to informal settlements through the 
formalisation process, however timeframes for the formalisation process are 
not specified (DPLG, 2001). 
2.7.2 Interventions to meet the sanitation service delivery targets 
2.7.2.1 Sanitation Master Plans be developed by municipalities, detailing 
strategies on addressing backlogs within their area of jurisdiction by 2019. 
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Sanitation Master Plans should be updated every 5 years and also address 
funding (DWA, 2017). 
2.7.2.2 The Free Basic Sanitation Implementation Strategy (DWAF, 2008) 
was established as an intervention to meet the “right of access to a basic 
level of sanitation service” as contained in the Constitution. Municipalities 
are mandated to ensure that poor households are not denied access to 
basic services due to their inability to pay for such services. This strategy 
embraces the principles that national guidelines should be implemented in 
consideration of local choice and flexibility (DWAF, 2008). Local 
government should determine how to achieve access to basic sanitation, 
depending on geographical features, demographics, income distribution 
and institutional capacity.  
The primary intended beneficiaries of this strategy are poor households, 
using household expenditure as an indicator of poverty (DWAF, 2008). 
Many policies define poor households as family that have joint monthly 
expenditure below R1100, however this is a figure which was introduced in 
1994 and has not been increased since (Wilkinson, Pearce, Sharaunga, 
Flanagan and Magagula, 2014).  
2.7.2.3 The National Sanitation Strategy was published in 2005 taking into 
consideration recent developments around sanitation to provide a coherent 
approach to sanitation services delivery in South Africa (DWS, 2016). The 
main objective of this strategy is to provide guidelines for the elimination of 
sanitation backlog by 2010. The strategy also clarifies the roles and 
responsibilities in sanitation delivery with regard to the planning, funding, 
implementation approaches, monitoring and evaluation in the sanitation 
sector.  
The National Sanitation strategy puts emphasis that informal settlements 
should not be treated as emergency situations but should be provided with 
long-term viable and sustainable solutions. Solutions such as communal 
facilities and chemical toilets should not be used where they are expected 
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to have a duration of more than one month (DWS, 2016). Contrary, to date 
most informal settlements are still using communal chemical toilets. 
2.7.2.4 The National Sanitation Programme initiated with the aim to 
eradicate the sanitation backlog by 2010 (DWS, 1996). However, millions 
of people in both rural and urban areas are still provided with inadequate 
means of sanitation such as chemical toilets. 
2.7.2.5 Municipal Infrastructure Grant (MIG) is established as a funding 
mechanism to eradicate municipal infrastructure backlogs in poor 
communities to ensure the provision of basic services such as water, 
sanitation, roads and community lighting by year 2013. 
2.7.2.6 The National Sanitation Task Team (NSTT, 1996) was established 
in 1995 to coordinate sanitation interventions amongst departments in order 
to eradicate sanitation backlogs.  
2.8 Role-players in sanitation service delivery for South African 
informal settlements 
2.8.1 South African National Government 
Unsustainable sanitation frameworks can frequently be connected to a 
scope of institutional administration challenges (Mumssen, Saltiel and 
Kingdom, 2018). One major obstruction to sustainability is the manner in 
which sanitation is frequently been ignored for other different kinds of 
developments by national governments. For example, both water and 
sanitation contain only 6.1% of the entire developments, placing them after 
health, education, transport, government and civil society, and farming 
industry (WHO, 2014b).  
According to the UN-Habitat (2015) absence of funds, human and technical 
capacity, political will is adding to the existence of unsustainable systems 
that can't guarantee excreta is appropriately contained and disposed. The 
requirement for committed assets, including money related, human and 
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technical capacity to help in the provision of practical sanitation solution is 
a worldwide challenge. 
National governments has a major role to draw in communities and 
institutions liable for the provision, operation and maintenance in the 
development of more sustainable sanitation systems (Wong, 2009). This 
was highlighted in The Water and Sanitation Summit, which took place in 
South Africa in 2014, that government should engage with stakeholders on 
the primary challenges facing water and sanitation and to develop 
innovative solutions. 
2.8.2 Local Government (Municipalities)  
Sanitation services are regularly lacking in informal settlements, a situation 
credited to different elements including constrained funds and hesitance 
from governments to designate sufficient funds (UN-Habitat, 2015). The 
South African Constitution (1996) states that local government should 
deliver municipal services as stipulated in Section 152(1) of the Constitution 
in the following manner: 
 To provide services to communities in a sustainable to promote a 
safe and healthy environment.  
 To ensure the involvement of communities and community 
organisations in the matters of local government.  
According to the institutional arrangement of the City of Tshwane, the 
rendering of sanitation related services lies with two departments, namely: 
Water and Sanitation Services and Municipal Health Services (DPLG, 
2000). The Constitution of the Republic of South Africa,1996 assigns 
Municipal Health Services (MHS) as a local government function under Part 
B of Schedule 4, section 156(1) (a). The Water and Sanitation Section has 
the responsibility to provide the sanitation infrastructure, ensure the 
operation and maintenance of the infrastructure and rendering the services.  
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The Water Services Act (1997), gives powers to water services authorities 
(local government) to appoint contractors or service providers (DWA, 1997). 
In instances where the local authority cannot meet the sanitation delivery 
targets due to lack of technical skills and weak institutional capacity, the 
local authority can outsource the services on its behalf to undertake the 
following services: Facilitate the construction of basic sanitation facilities 
that will promote health, hygiene and sanitation. Monitor health impacts and 
periodical evaluation of the effectiveness of the sanitation programme. 
Create an enabling environment for safe removal, treatment and disposal 
of human excreta in accordance with sanitation regulations.  
Furthermore, The Water Services Act (1997) states that the rendering of 
sanitation services must be coupled with hygiene education and awareness 
raising, which is where municipal health services plays a role to ensure that 
environmental health education is rendered to the communities. Municipal 
Health Services is defined as the control, assessment, improvement and 
prevention of environmental conditions that can adversely affect human 
health. The role and functions of Municipal Health Services includes the 
surveillance of premises to ensure the non-occurrence and minimisation of 
health nuisances (DoH, 2003). 
2.8.3 Local Communities  
The principle of public participation in all spheres of government is 
contained in the Constitution of SA; Section 151(e), which mandates 
municipalities to involve communities and community organisations in 
sanitation related matters (South African Constitution, 1996). However, 
practically there is very limited or no community involvement at all in most 
sanitation projects (DWA, 2005). Ambole, Swilling, and M’Rithaa (2016) 
states that users do not always have the capacity to engage meaningfully 
in collaborative design processes, there is a need to enhance user 
participation as a path towards empowerment. 
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The National Norms and Standards for Domestic Water and Sanitation 
Services regards and defines user participation as meaningful and effective 
form of engagement for end consumers of the service (DWS, 2017).  
 
2.9 Health and Hygiene risks and associated with the use of 
chemical toilets in informal settlements 
2.9.1 Faecal-oral transmission routes 
 
Figure 2.1 F-Diagram as depicted by Wagner and Lanoix (1958) showing 
multiple inter-linked faecal-oral transmission routes and 
interventions to break them (sanitation, hand washing and 
safe water).  
An estimated 297, 000 diarrheal deaths could be avoided with improved 
hygiene as there is an increasing evidence of the interconnectedness of the 
environmental compartments such surfaces, flies, soil, hands and water in 
pathogen transmission (Navab-Daneshmand et al., 2018). Enteric 
pathogens can be transmitted through multiple environmental pathways yet 
there is limited knowledge about the contribution of each pathway to 
diarrhea (Pickerin, Ercumen, Arnold, Kwong, Parvez, Alam, Sen, Islam, 
Kullmann, Chase and Ahmed, 2018).  
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Although the above “F-diagram” as traditionally conceptualized, has been 
widely used, there is limited evidence on which of these pathways are the 
most important for transmission of diarrhoea especially to young children 
(Chidziwisano, Tilley, Malolo, Kumwenda, Musaya and Morse, 2019).  In 
order to discourage the above-mentioned, interventions to break faecal-oral 
diseases transmission pathways associated with the use of chemical toilets 
should be established.  
The F-diagram is used to show how proper sanitation can act as an effective 
barrier to stop transmission of diseases. The most common route of disease 
transmission is when pathogens in faecal particles pass from one host and 
introduced into the oral cavity of another host (Swanepoel, 2013). According 
to a study conducted by Ita and Ben (2004) gram-positive Staphylococcus 
aureus, and gram-negative enteric bacteria such as Escherichia coli (E. 
coli), Klebsiella, Citrobacter species, were found to contaminate various 
contact surfaces such as chairs, tables, windows, door handles, and many 
household fixtures (Tsaku, Ehinmidu, and Mohammed, 2017).  
In this study E. coli was used as an indicator organism for faecal 
contamination (presence or absence). E. coli can occur as both beneficial 
and pathogenic strains. The pathogenic strains which includes 
enterotoxigenic E. coli (ETEC), enterohemorrhagic E. coli (EHEC), 
enteroaggregative E. coli (EAEC), enteroinvasive E. coli (EIEC) and 
enteropathogenic E. coli (EPEC) are capable of causing diarrhoea. E. coli 
is mainly transmitted via the fecal-oral route, which is fluids, food, flies and 
contaminated surfaces.  
 
2.9.2 Health risks associated with the use of chemical toilets  
According to Simiyu (2016), lack of household sanitation facilities compelled 
the introduction of communal sanitation facilities in informal settlements as 
means of increasing access to and use of sanitation facilities. According to 
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Evans et al., (2017) despite the provision of sanitation communal facilities 
to informal settlements, little is known about their effectiveness in preventing 
faecal-oral diseases. Serious health risks associated with inadequate 
sanitation systems have not been furnished with a solid motivation to 
address developing sanitation needs in most areas (Andersson et al., 2016). 
Lack of motivation may be due to key leaders not assuming an active role 
in planning sanitation systems that can advance public health (Njoh, 2016).  
According to WHO/JMP (2017) shared or communal toilets are not regarded 
as improved sanitation facility as they fail to meet the definition of an 
improved sanitation facility, which is described as a facility that is able to 
hygienically separate human excreta from human contact. Chemical toilets 
that are shared are classified by JMP as unimproved as illustrated in the 
below diagram.  
 
Figure 2.2 Sanitation ladder. Source: WHO/UNICEF JMP (2017b) 
Unclean water, lack of sanitation and poor hygiene are factors contributing 
to the transmission of diseases such as diarrhoea cholera, typhoid and 
several parasitic infection (Itchon, 2008). According to the United Nations 
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Children’s Fund (2017b) globally, diarrhoea is regarded as major leading 
cause of deaths, particularly in children, about 842,000 deaths per year are 
associated with lack of adequate water supply, sanitation and hygiene 
practices.  
Poor sanitation additionally places stress on the weakened immune system 
of Human Immunodeficiency Virus (HIV) positive people and has a major 
impact on the quality of life of individuals living with AIDS (Tissington, 2011). 
This is a worrying factor in South Africa, as the country has the highest 
number of individuals living with HIV/AIDS globally (UNAIDS, 2013). 
2.9.3 Emerging health risks associated with the use of chemical 
toilets (inadequate sanitation system) 
Sanitation-related health risks extends beyond basic access to household 
sanitation and incorporate various exposure points. According to Murungi 
et al., (2014) health risks exposure points that are regularly disregarded 
includes safe collection, transport and disposal of sanitation waste. Besides 
the common health risks, there is emerging sanitation health concern 
related with antimicrobial resistance (AMR), which is spread from 
wastewater treatment systems (WHO, 2014a). AMR is an emerging public 
health concern, although is considered as a medical challenge centred on 
inappropriate utilization of antibiotics and vaccines considered to be the 
primary solution.  
According to The International Scientific Forum on Home Hygiene (IFH) 
Review 1, new pathogens or strains are continually emerging and hygiene 
is seen as an important first line of defence (Bloomfield and Nath, 2009). A 
well-coordinated preventative approach driven by water, sanitation and 
hygiene professionals as part of a sustainable sanitation strategy would give  
significantly much effective first-line of defence against faecal-oral 
pathogens.  
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Studies in Delhi have demonstrated that AMR characteristics (New Delhi 
metallo-beta-lactamase, or NDM-1 protein) were found in 
enterobacteriaceae, for example, E. coli, Shigella, and Enterobacter 
(Bushnell, Mitrani-Gold and Mundy, 2013). This enzyme mutation makes 
the bacteria resistant to multiple antibiotics. In the year 2006, NDM-1 
positive traits were first found in Delhi and are presently found in the 
digestion tracts of individuals living South Asia, and have continued on 
spreading to various areas (Bushnell et al., 2013). 
Another emerging global health challenge that have been associated with 
higher mortality is the Extended-spectrum beta-lactamase (ESBL) 
producing gram-negative bacteria. ESBL infections were first associated 
with nosocomial outbreaks but now there is an increasing recognition of high 
rates of faecal carriage and the importance of community-acquired 
infections due to ESBL-producing E. coli in industrialized countries (WHO, 
2014a).  
A study to estimate the prevalence of human faecal ESBL carriage was 
conducted in Tanzania, East Africa using environmental contamination of 
household latrines with ESBL as a surrogate marker.  E. coli was found from 
contaminated latrines, suggesting a high prevalence of human ESBL faecal 
carriage in the community and that shared latrines may serve as a reservoir 
for transmission in urban areas of Tanzania (Erb, 2018).  
Community acquired infectious diseases such as urinary tract infections 
(UTIs) are a common medical problem affecting the general population. 
UTIs are the second commonest diagnosed infection in the community, 
affecting about 150 million people globally. According to Kabugo et al., 
(2016), E.coli and Klebsiellas are the commonest organisms found in most 
UTIs. Other contributing factors to the spread of community acquired 
infectious diseases are social and environmental determinants, such as 
educational level, poverty, and inadequate sanitation (Adamu and Abbas, 
2018). 
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2.9.4 Drinking water collection and storage 
Storing drinking water in containers is a common practice in communities 
where access to drinking water is unavailable within a home environment. 
In South Africa, the percentage of households that lived more than 500 
metres away from the outside yard  water sources ranged from 15% to 18% 
between 2008 and 2015 (Stats SA, 2016).  According to Günther and 
Schipper (2013), storage of drinking water within a household environment 
remains a significant risk factor for diarrheal diseases incidences.  
Mudau, Mukhola and Hunter (2017) states that the storage of water in 
containers is more common with an unreliable water supply.  Accessing 
water outside the home environment is one of the barriers obstructing the 
sustainability of good water quality in households. Some of the identified 
hazards associated with collection and storing drinking water are dirty 
containers used for water collection (showing scratches, biofilm and moving 
particles), hands dipped inside drinking water during collection, water 
transported in dirty containers without lids in dusty roads, soil mixed with 
soap to clean containers (Mudau et al., 2017).  
According to Vannavong et al., (2017) storage of drinking water even for a 
short time can lead to microbial contamination of good quality drinking water 
due to unhygienic handling.  A study conducted by Mattioli, Boehm, Davis, 
Harris, Mrisho, and Pickering (2015) found that water and hands were 
important pathways for bacterial pathogen transmission as enteric viruses 
were frequently detected in stored drinking water and on hands. Ercumen, 
Arnold, Naser, Unicomb, Colford, and Luby (2017) justified the continued 
use of E. coli as an indicator for faecal contamination as their study found a 
relationship between E. coli in drinking water and diarrhoea. Household 
stored water quality is found to improve with an increased in community 
sanitation coverage (Harris, Alzua, Osbert, and Pickering, 2017). 
Access to improved toilet facilities could offer a barrier against the 
contamination of stored drinking water at the home environment 
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(Vannavong, Overgaard, Chareonviriyaphap, Dada, Rangsin, Sibounhom, 
Stenström, and Seidu, 2017).  Most viral, bacterial, parasitic pathogens and 
protozoan origins responsible for gastroenteric disease outbreaks, may be 
found in stored water due to poor handling (Itchon, 2008). A study 
conducted in rural households in South Africa found a significant 
relationship between diarrheal disease incidences and the presence of E. 
coli in household drinking water collected from a communal source, E. coli 
levels were ≥10 CFU/100ml (Gundry et al., 2009). The above levels 
exceeds the World Health Organization standard of zero E. coli /100ml 
(WHO, 2004). 
2.9.5 Household Dishcloths 
Dishcloths may act as a potential source of pathogenic bacteria through 
cross‐contamination to foods in food-related environments. Dishcloths are 
typically rinsed under water after use and stored damp. Inadequately dried 
or disinfected dishcloths can provide an ideal environment for 
microbiological growth of bacteria such as E. coli.  According to Jin et al., 
(2014) various bacteria can survive on dishcloths for hours or days after 
contact and limited hygiene of users may lead to the spread of foodborne 
illness.  
In many homes, dishcloths are used for multiple purposes such as washing 
of dishes, wiping of surfaces such as walls and floors, consequently 
transferring pathogens throughout the household (Keshav, Kruger, Mathee, 
Naicker, Swart and Barnard, 2015). E. coli was used as an ideal indicator 
organism for this study to investigate occurrence of pathogenic E. coli on 
dishcloths used in households.  
2.9.6 Hand washing practices 
According to Freeman, Majorin, Boisson, Routray, Torondel and Clasen 
(2016) poor hand washing has been attributed as the major cause of faecal-
oral contamination and subsequently many infections, diseases and deaths 
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may be prevented by good hand hygiene practice. Aiello and Larson (2002) 
states that hands as a single factor can be a sufficient cause for infection 
transmission although frequently involves a number of interdependent 
component causes such as environmental sites or surfaces to determine 
the overall risk in the chain of diseases transmission. Hand washing after 
coming into contact with excreta is poorly practiced globally, despite the 
likely positive health benefits (Freeman et al., 2014).  
The USAID (2016) states that a single gram of human faeces can have 10 
million viruses and one million bacteria. Infant faeces are regarded as 
pathogenic with diarrhoea and one of the top killers of children under the 
age of five globally, killing about 2,195 children each day. One of the most 
common bacteria associated with faecal contamination is the E. coli 
bacteria. According to Tortorella (2003) E. coli can indicate the potential 
presence of faecal material as it represent the majority of the coliform group 
and can be used as a sign of unhygienic status in water and environment.  
Most sanitation policies acknowledges the importance of hand washing, 
however, hand washing facility is still not included as compulsory 
component of the basic sanitation infrastructure. Most chemical toilets 
provided in informal settlements does not have provision for hygiene 
practices such as hand washing facilities, safe and reliable water supply 
despite the likely positive health benefits (WHO, 2017c). The provision of 
designated, properly functioning hand washing facilities can decrease the 
spread of waterborne diseases, particularly  the spread of E. coli bacterium 
found in the faeces of all warm blooded animals (Burns, Maughan-Brown 
and Mouzinho, 2018).  
Good hand wash practices should include water, washing agent such as 
soap and a drying phase (Brown, 2013). A study by Burton, Cobb, 
Donachie, Judah, Curtis and Schmidt (2011) found that hand washing with 
soap was more effective in reducing the prevalence of contamination.  
Designated hand-washing facilities with soap that are conveniently located, 
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working properly and that ensures user comfort are necessary to encourage 
hand-washing in communities (Danielson, 2012).   
Worrell, Wiegand, Davis, Odero, Blackstock, Cuéllar, Njenga, Montgomery, 
Roy, and Fox (2016) found that most participants in a resource-limited 
settings washed their hands in a basin of standing water rather than using 
the recommended running water.  According to Devamani, Norman and 
Schmidt (2014) the lack of water and sanitation may result in rapid 
recontamination of hands and may for most part limit the potential health 
benefits associated with hand washing.  
2.9.7 Cleanliness of the chemical toilets in informal settlements 
According to Tumwebaze (2014) while there is substantial research around 
sanitation and its association to a wide range of preventable diseases, 
evidence on the cleaning behaviour of shared toilet users is still inadequate. 
Simiyu et al., (2017a) conducted a study on shared facilities in Kenya 
informal settlements and reported that most toilets were dirty, little or no 
effort towards in keeping the facility clean and functional, and the quality of 
cleanliness usually decreases as the number of households sharing the 
facility increases.  
Individual household may not achieve a health benefit from installing a 
better sanitation system or water access unless neighbours do likewise. 
(Freeman et al., 2014). Microbiological data from field studies and 
laboratory models show that pathogens are constantly being shed or spread 
from human in everyday life settings, and are transmitted via environmental 
sites and surfaces, resulting in exposure for humans to infectious disease 
(Bloomfield, Exner, Nath, Signorelli and Scott, 2012). 
Sanitation systems should serve as a multi-barrier that will substantially 
reduce the different types of waterborne and excreta related pathogens 
(Itchon and Gensch, 2011). Heath education is considered as a non-
technical barrier, aimed at improving hygiene practices and behaviours. 
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According to Naidoo, Chidley and Mcnamara (2008) hygiene education 
relates to all activities that aims at increasing an individual’s knowledge on 
issues relating to personal habits and practices that affect one’s health. 
2.9.8 Health and hygiene education in sanitation service delivery 
Sanitation is more than the construction of toilets facilities, but a process of 
improvement which must be accompanied by promotional activities as well 
health and hygiene education (DWS, 2016). Good sanitation can be 
achieved through a range of technical options, but only when coupled with 
good health, hygiene and sanitation promotion aimed at providing end-
users with the information they need in managing their health and their 
environment in the most effective way.  
According to Naidoo, Mdala, Mphake and Chidley (2007) municipalities do 
not address hygiene education in informal areas meaningful and in a 
sustainable manner. Most water and sanitation projects carried out in 
municipalities lacked significantly in the aspect of health and hygiene 
awareness (Naidoo et al., 2008). A study by Mjoli (2010) found that 66% of 
the households did not receive any health and hygiene awareness during 
the implementation of sanitation infrastructure. The above statement 
confirms that there is no integration of health and hygiene awareness into 
basic sanitation services delivery.  
The municipalities are required to allocate budgets for health and hygiene 
awareness to benefit communities, but in reality most municipalities 
allocates limited or no budget to this component (DWAF, 2005).  Naidoo et 
al., (2008) states that “on-going hygiene education and awareness seemed 
to be falling between the cracks with both environmental health  and water 
services department assuming that the other is responsible for this 
component of a basic sanitation service, hence a need for clear structured 
hygiene education guidelines for implementing agents.  
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The involvement of health professionals is crucial in accelerating progress 
in disease prevention through health education.  According to Yeboah-
Antwi, MacLeod, Biemba, Sijenyi, Höhne, Verstraete, McCallum and Hamer 
(2019) health education is considered as a non-technical barrier, aimed at 
improving hygiene practices and behaviours. Hygiene education relates to 
activities that aims to increase an individual’s knowledge on issues relating 
to personal habits and practices that affect one’s health (Naidoo et al., 
2008). 
2.9.9 Accessibility of chemical toilets in informal settlements 
The national percentage of households who shared a toilet facility and 
residing more than 200 meters away from the outside yard toilet facilities 
has increased from 1.3% in 2014 to 6.1% in 2015 (Stats SA, 2016). 
According to Gonsalves, Paltiel and David (2015), the normal travel 
distance to and from a toilet is 210 meters; at six trips per day and 2.5 
minutes per trip, this suggests an assault risk exposure time of 15 minutes 
per woman per day.  
Studies on the usage of sanitation latrines in rural areas in Mumbai, Kenya, 
Ghana and Uganda have reported that distance, long queues lack of 
cleanliness and are the main reasons people prefer to defecate in the open 
or use plastics at home than to use shared sanitation facilities (Bhardway, 
Surana, Mithra, Singh, Panesar and Chikkara, 2013). The above 
statements quantify the link between sexual assaults, the number of 
sanitation facilities and time spent walking to the toilet. Despite the above 
estimate walking distance, literature on the acceptable walking distance 
from the households and the toilet facilities is still lacking. 
In many informal settlements using a toilet is regarded as one of the most 
dangerous activities for residents of all ages as they are frequently robbed, 
raped, assaulted and murdered on the way (Jacobs, 2018). Sexual violence 
is considered a public health concern affecting 35% of women worldwide as 
they often need to travel to outdoor toilet facilities (Gonsalves et al., 2015). 
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Human rights organizations have pointed inadequate sanitation facilities as 
a key driver of women and children’s risk for physical or sexual assault 
where travel to and from toilets exposes them to waiting perpetrators of 
violence (UNICEF, 2017b).  
Another contributing factor that hinders accessibility to chemical toilets is 
the location. Recent records has showed that the main barriers to the 
implementation of proper sanitation systems are unsuitability of the location 
of many settlements. It is estimated that more than 40% of the sites are 
located on private land, wetlands and flooding prone areas and high 
settlement densities (Mels, Castellano, Braadbaart, Veenstra, Dijkstra, 
Meulman, Singels, and Wilsenach, 2009).  
2.10 Conclusion 
This chapter explained the legislative framework and institutional 
arrangements with regards to the provision of sanitation services. Literature 
review on the existing knowledge and gaps on health and hygiene risks 
associated with chemical toilets were explored in the chapter. Detailed 
research methodology employed in the study will be presented in the next 
chapter. 
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 CHAPTER 3  
                  RESEARCH METHODOLOGY            
3.1 Introduction 
This chapter aims to outline the study setting and the sampling frame for the 
pilot and main study. Data collection processes employed in an attempt to 
describe the health and hygiene risks associated with the use of chemical 
toilets in informal settlements are explained in this chapter. The chapter 
highlights how permission to conduct the study was obtained, process 
undertaken to select and recruit participants as well as the ethical 
consideration issues applied into the study.  
 
3.2 Study Setting and Sampling Frame 
3.2 1 Introducing study site  
The City of Tshwane (CoT) is South Africa’s largest metropolitan 
municipality in terms of landmass. It has an area of 6 368 km2, population 
of roughly 3.3 million, growing at an annual rate of 2.6%. The city has 173 
informal settlements collectively, of which 133 are receiving potable water 
service in the form of JoJo tanks and communal piped water while only 76 
are receiving a sanitation services (CoT IDP, 2017-2021). The study was 
conducted in Zithobeni Extension 8 informal settlement, located in 
Bronkhorstspruit, City of Tshwane Metropolitan Council (CoT). The 
settlement has a population size of 12 000; 3000 households and 129 
chemical toilets. The sampling population was 140 households. 
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Figure 3.2.1 Photograph of Zithobeni informal settlement, Extension 8 
Aerial photograph of Zithobeni Extension 8 informal settlement, City of 
Tshwane Metropolitan Municipality, May 2018. The informal settlement is 
yet to be formalised, however the following are the limited basic services 
provided:  
 
Figure 3.2.2 Basic Municipal Services in Zithobeni Extension 8 Informal 
Settlement showing water supply (left), sanitation (middle) 
and refuse removal (right).                                                                                                                
Water supply- Water supply is predominantly communal taps, provided in 
the streets of the settlements. The water pressure was very poor in some 
parts, and sometimes flows intermittently.  As water was not available within 
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the home environment, drinking water is stored in containers. The storage 
of drinking water in containers is a cause for concern in terms of 
environmental health as drinking water can serve as a source of diarrheal 
diseases if not properly managed. 
Sanitation- A contractor appointed by the municipality, supplies and 
maintains the chemical toilets in the settlement. In addition to the chemical 
toilets provided on the boundary of the streets by the municipality, 
households built other types of toilet structures such as: 
 Pit latrines, mostly not well built in terms of concrete slabs, no 
ventilation pipes and toilet seat lids 
 toilet structures made of plastic materials 
 toilet structures screened by blankets and clothing materials 
Refuse removal services- are provided on a weekly services by the 
municipality, some parts of the informal settlement are not easily accessible 
due to the narrow roads. The municipality is providing refuse bags on a 
monthly basis for the collection of domestic waste. Communal refuse bins 
are provided at strategic points to discourage illegal dumps but it seems 
fruitless given the evident number of illegal dumping in the area.  
3.2.2 Pilot Study Site 
Pilot study was conducted in Phumzile informal settlement located in 
Cullinan, City of Tshwane. The main aim of the pilot study was to test and 
identify the shortcomings of the household questionnaire before it was 
administered to the actual study site. This pilot area was chosen as it 
represents similar characteristics to Zithobeni Extension 8 informal 
settlement, where the actual study was conducted. The area has a 
population size of 2080; 520 households and 22 chemical toilets.  The 
sample population was 31 households, who were sampled using 
convenience sampling. Households who were available and willing to 
respond to the questions on the questionnaire were sampled.   
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3.2.3 Selection of the study participants 
Convenience sampling was used to select and recruit 140 study 
households. Households who were available and willing to participate were 
selected. Three (03) main streets of the settlements were selected due to 
accessibility in terms of the roads. 
3.2.4 Inclusion Criteria 
Households staying in informal settlement, using chemical toilets were 
invited to be part of the study. Participants were full-time household’s 
members, who are over 18 years of age only.  
3.2.5 Exclusion Criteria 
The study excluded households not using chemical toilets, under the age of 
18 and those who are not staying full-time in the area. 
3.3 Research Design 
Mixed methods research were used to conduct the study in order to 
describe the health and hygiene risks associated with the use chemical 
toilets in informal settlements in the City of Tshwane. Quantitative research 
design was utilised to gather numerical data on the microbiological samples, 
households’ questionnaires and chemical toilet checklists. Polit and Beck 
(2008) describes quantitative research as an investigation of a phenomena 
that lend themselves to precise measurement and quantification often 
involving a rigorous and controlled design. Data was analysed through 
numerical comparisons and reported through statistical analysis. 
A qualitative research design was used to gain an understanding into the 
operation and maintenance aspects of the chemical toilets provided in the 
informal settlement. Investigation was conducted in a natural setting of 
stakeholders, which is the municipal official and chemical toilet contractor.  
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3.3.1 Research Study Phases  
The following phases were applied to address the main research question: 
Phase 1 - Review of relevant literature to provide background of the broader 
context and existing health and hygiene risks associated with the use of 
chemical toilets in informal settlements. The review of literature is based on 
the following: 
 Global sanitation status and trends, progress on the Sustainable 
Development Goals and the role of World Health Organization in 
sanitation 
 Review on South African sanitation legislations (Acts, Policies, By-
laws), sanitation goals, targets and interventions 
 Challenges associated with rendering sanitation services in informal 
settlements 
 Different role-players in sanitation service delivery 
 Health and hygiene risks associated with chemical toilets, including 
emerging health risks 
 Reviews on the cleanliness of shared toilet facilities  
  Reviews on accessibility of the chemical toilets in terms of 
acceptable walking distances from households. 
Phase 2 - Research preparation involved meeting community structures in 
in order to gain access to the settlements.  Meeting with the ward councillor 
and ward committees to inform them of the intended research and the 
purpose.  Meeting with municipal housing official to obtain the layout map 
of the area and households statistics 
Phase 3 - This phase involved interviews with municipal official and 
contractor overseeing the operation and maintenance of chemical toilets in 
the informal settlements. The interviews were captured in appendix H and 
I, respectively. 
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Phase 4 - Administering of household questionnaires (Appendix F) to 
examine households’ perception and receptiveness to the use of chemical 
toilets.  Collection of hand swabs and drinking water samples from 
households’ respondents. A group of research assistants, who are 
Environmental Health Practitioners by profession were involved in the 
research activities to collect, collate, and validate the data and samples.  
 
Phase 5 - Observation checklists were used to evaluate the structural and 
environmental conditions of the chemical toilet. Accessibility in terms of the 
estimated walking distance from the households to the chemical toilets was 
also observed using the checklist. The findings were captured in appendix 
G. Bacteriological surface samples were taken during observations from 
high frequency contact points (doors, handles, toilet seats) on the chemical 
toilets. The samples were taken to laboratory for the testing of E. coli as an 
indicator organism for faecal contamination.  
3.4 Ethical Considerations 
Ethical approval was granted by the University of Johannesburg, Faculty 
Academic Ethics Committee (Appendix A). Request for permission to 
conduct the study was requested (Appendix B) and obtained from City of 
Tshwane Metropolitan Council (Appendix C).  Aims, objectives and 
benefits of the study were clearly explained to participants without any 
exaggeration or deception (Appendix D). Informed consent (Appendix E) 
and voluntary willingness to participate in the study was obtained from the 
participants. Participant’s privacy was maintained by keeping information 
private, data and samples collected were solely used for the study.  
Data collected was only accessible to the researcher and the research 
team. Participants were assured anonymity by using study codes to identify 
the households in the data collection tools. Participants were informed of 
their right to withdraw from the study at any time should they feel 
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uncomfortable. Participants were not be harmed in any form at any stage of 
the study.  
3.5 Data Collection Methods 
3.5.1 Household Questionnaire  
Household questionnaire (pilot study N=31 and actual study N=140) was 
used to collect data from households. The questionnaires were 
administered by the researcher and trained research assistants in English.  
The study respondents were heads of household or another adult, who is 
18 years and older. Data collection took place during normal working hours 
on weekdays.  
Households that were ineligible, non-responsive and unwilling to participate 
were excluded. The questionnaires included questions on demographics, 
household’s toilet use and experience, chemical toilet cleanliness and 
perception and receptiveness (Appendix F).  Virtual observations were 
conducted to ascertain the type of toilet facilities that were used, type of 
drinking water sources and availability of hand washing facilities. 
3.5.2 Municipal official Interview 
Semi-structured interview (actual study N=1) was conducted with the 
municipal official responsible for the rendering and maintenance of chemical 
toilets in region 7. The interview was conducted in an office environment 
during normal working hours. The interview questions were open-ended, 
focused on the services rendered by the contractor, hand washing facilities, 
health and hygiene awareness rendered to the community, the ratio of the 
households per toilet, safety measures in place to ensure accessibility to 
the chemical toilets (Appendix I).  
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3.5.3 Contractors Interview 
Personal interview (actual study N=1) was conducted with the contractor 
appointed for the provision, overseeing operation and maintenance of the 
chemical toilets. The interview was conducted in an office environment 
during normal working hours. Interview questions were open-ended, 
focused on the operation and maintenance of the chemical toilets, cleaning 
schedule, types of cleaning materials used (Appendix H).   
3.5.4 Chemical toilet observation checklists 
Chemical toilet observation checklist (actual study N=42) was used to 
observe and evaluate the cleanliness, structural and environmental 
conditions of the chemical toilets in terms of visual appraisal (Appendix G).  
The chemical toilets were selected randomly and each allocated a number. 
Household’s accessibility to the chemical toilet was also observed in terms 
of distance. 
3.5.5 Microbiological Sampling 
  3.5.5.1 Chemical toilet surface swabs samples 
A total of 42 surface swabs samples were taken from high frequency contact 
points (doors, handles, toilet seats) using Hygiena Stick Sponge™ cellulose 
sponges. After collection the sponges were placed back into the sterile bags 
containing buffered peptone water, placed in a cooler box containing ice 
packs and transported to the laboratory. Samples were analysed for the 
presence of E. coli using the IDEXX Colilert®-18 Quanti-Trays™ system 
according to the manufacturers’ instructions. Positive, negative and process 
controls were included to ensure the reliability and validity of the results. 
3.5.5.2 Hand swabs samples 
A total of 49 hand swabs samples were taken using cotton swab stick. The 
cotton swab sticks were rubbed on the hand palms and between the fingers 
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of the respondent, samples were also taken from toddlers available at the 
household’s time of sampling.  After collection the cotton sticks were placed 
back into the sterile container containing buffered peptone water. The cotton 
sticks were then placed in a cooler box containing ice packs and transported 
to the laboratory. Samples were analyzed for the presence of E. coli using 
the IDEXX Colilert®-18 Quanti-Trays™ system according to the 
manufacturers’ instructions.  
3.5.5.3 Drinking water samples 
Total of 53 drinking water samples were collected from household’s drinking 
water containers. Temperature, PH and conductivity were tested on site 
before collecting the water into the 250ml sterile sampling bottles. The 
sample bottles were placed in a cooler box containing ice packs. Turbidity 
testing was done on the samples, using a calibrated turbidity tester before 
transferring the water sample into 100ml sampling bottle containing E. coli 
culture. After dissolving the E. coli culture the sample mixtures were 
transferred into Quanti-Trays™/2000 according to the manufacturer’s 
instructions.  
The filled Quanti-trays™/2000 were sealed according to Quanti-tray Sealer 
instructions. The sealed Quanti-tray™/2000 were incubated at 37⁰C for 16-
18 hours as per the manufacturer’s instructions.  The IDEXX Colilert®-18 
Quanti-Trays™/2000 method was used for detecting and enumeration of E. 
coli.  Positive large and small wells were counted and Most Probable 
Number (MPN) table was used to determine the quantity of the bacterial 
count. 
3.5.5.4 Dishcloths samples 
A total of 86 dishcloths were collected from random households within the 
study area. Descriptions regarding the quality of every dishcloth received 
was documented. Each dishcloth was cut into three pieces (5cm x 5cm) 
from different part of the cloth as follows; top and bottom edge of the cloth 
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as well as the middle, resulting in 258 samples in total. Each piece was 
placed in 10 ml of buffer made up of phosphate buffer saline (PBS) and 
tween 20. From this 500 µl was added to 5 ml of Colilert® Quanti-Tray®/2000 
growth media in test tubes and incubated @ 37°C overnight. Samples were 
observed under UV light. The positive samples were further analysed and 
the negative samples were discarded.  
3.6 Methods of data analysis and presentation of data 
The household questionnaires and observation checklist were coded before 
the data collection process.  Process of data analysis was undertaken once 
data has been collected from the household questionnaires, chemical toilet 
observations, interviews and microbiological tests. All statistical analyses 
were carried out using SPSS Statistics Version 25. Descriptive statistical 
analysis was used to answer all of the questions in the household 
questionnaire. The analysis involved firstly sorting data and classifying it 
into emerging themes. 
Household questionnaire was classified into demographics, chemical 
toilet use and experience, cleanliness, perception and receptiveness 
characteristics. The households’ questionnaire data were modelled as 
binary variable (yes/no) and multi-response variables responses (often, 
rarely and never, satisfied or dissatisfied).  
Chemical toilets observations were modelled as binary variable (yes/no), 
whereby yes signified the presence of the variable and the absence was 
indicated as no. The municipal official and contractor’s interview questions 
were structured as open-ended questions.  
Contractor and municipal official interviews were structured as open-
ended, to allow the respondents to include additional information. 
Microbiological samples (hand swabs, chemical toilet surface swabs, 
dishcloths and drinking water) were analysed using presence or absence 
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variables. The presence variable indicated positive test for E. coli and 
absence indicated negative test for E. coli. The data was analysed and 
summarised into frequencies and percentages. Chi-Square tests were done 
based on the responses to determine statistically significant association of 
runny tummy with age, gender and employment. Tables and graphs were 
used to present the results in chapter 4. 
3.7 Reliability and validity 
The research used a triangulation or combination of data sources 
(observations, questionnaires, interviews, microbiological sampling) to 
strengthen the credibility and accuracy of the research.  Hussein (2015) 
defines triangulation as the use of multiple methods to study the same 
phenomenon for the purpose of increasing study credibility. Equipment’s 
used such as turbidity tester, were calibrated before taking any 
measurements. 
To ensure the validity of data research assistants were trained on 
administration of data collection tools, handling respondents and ethics of 
data collection. Research assistants were also trained on every question in 
the data collection tools to ensure that they understood not only the meaning 
of the question but also how to present the questions to the respondents. A 
pilot study was carried out to assess the applicability and rectify any 
shortcomings of the data collection tools.  
3.8 Conclusion 
The chapter explains the qualitative and quantitative research methodology 
applied in the study. It also gives an explanation on how permission for the 
study was sought before conducting the actual fieldwork as well as the 
sequence of activities that took place in conducting the research. The next 
chapter will presents the study findings obtained through questionnaires, 
interviews, observations and microbiological samples. 
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                                       CHAPTER 4 
DATA ANALYSIS AND RESEARCH FINDINGS 
4.1 Introduction 
This chapter presents results and discussions in an effort to answer the 
main research question and associated objectives. As a reminder for the 
reader, the objectives of the study were to: 
 Observe and evaluate cleanliness of selected chemical toilets in the 
settlements in terms of visual appraisal and bacteriological analyses. 
 Examine households’ perception and receptiveness to the use of 
chemical toilets. 
 Determine hygiene practices of users through testing for the presence 
of E. coli on or in a variety of samples (hands, doors, seats drinking 
water, and dishcloths)  
The results are presented as follows: household questionnaires, 
observations checklist, municipal official and contractor interviews and 
microbiological samples. 
4.2 Study Setting, Demographics and Response Rate 
The questionnaire was piloted in Phumzile informal settlement to identify 
any shortcomings of the tool before it was administered in the main study. 
The household questionnaire results were sorted and presented into sub-
themes, namely demographics, household’s toilet use and experience, 
chemical toilet cleanliness, perception and receptiveness.  
The pilot study performed in Phumzile Informal Settlement had a 100% 
response rate with all 31 households responding to all questions in the 
questionnaire. A total of 140 households from Zithobeni Extension 8 
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Informal Settlement were recruited for the main study. Out of the 140, only 
133 (95%) households responded to all the questions in the questionnaire.   
The results presented in Table 4.1 shows that there was an almost equal 
gender distribution in the main study site with the pilot study having more 
male participants.  Age distribution was only captured in the main study after 
testing questionnaire in the pilot study. The households age distribution in 
the study ranged from 1-88 years of age with a mean of 25.4 and standard 
deviation of 16.54 (95% confidence interval).  
The study found high unemployment rates with 58.2% from the pilot study 
and 68.6% from the main study not having any employment. This may be 
due to urbanisation and people seeking employment opportunities in larger 
cities but living in the informal settlements. According to Hangulu and 
Akintola (2017) people living in informal settlements travel from various 
places and some are foreign nationals who are in search of formal housing 
and employment opportunities.  
Table 4.1 Summary of demographics recruited for the pilot and main 
study. 
Characteristics 
Pilot Study 
Households 
(n=31) 
Main Study  
Households 
(n=140) 
Nr % Nr % 
Gender     
Males  43 55.8 207 47.4 
Females  34 44.2 230 52.6 
Education     
No education (including crèche/ 
pre-school) 
7 12.5 35 10.2 
Primary education 10 17.9 71 20.8 
Secondary education 27 48.2 152 44.4 
Tertiary education 12 21.4 84 24.6 
Employment     
Employed  28 41.8 115 31.4 
Unemployed  39 58.2 251 68.6 
1Main study site was Zithobeni Ext. 8; n=140 households 
2Pilot study site was Phumzile informal settlement; n=31 households 
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A second reason for the high levels of unemployment could be household 
members not having the required tertiary education and skills for potential 
employment. It was reported that only 21.4% in Phumzile informal 
settlement and 24.6% in Zithobeni Extension 8 Informal Settlement had a 
tertiary education, supporting this.  
Figure 4.1 below shows the association between gender and runny tummy 
cases in the pilot and main study. Pilot study found that more males (30%) 
than females (18.8%) reported having a runny tummy, while the main study 
group had almost equal distribution of runny tummy cases reported by the 
males (31.1%) and females (32.6%). According to the respondents, 37% 
households’ members from pilot study who experienced runny tummies 
were employed, while 33% of households’ members were reported from the 
main study. 
 
 
 
 
 
 
 
Figure 4.1 Percentage distribution of runny tummy cases per gender and 
employment status for pilot and main study sites. 
The statistical analysis performed confirmed the data presented. The Chi-
Square test (Appendix J, Table 1) showed no statistically significant 
relationship between gender and runny tummy cases for both pilot and main 
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study. This suggest that gender characteristics were less associated with 
the occurrence of rummy tummy for these two study sites. 
Figure 4.2 shows that the highest number (36%) of runny tummy cases 
reported in two weeks period prior to the interview were from 0-17 age 
group. Of those who reported diarrheal incidences in two weeks period prior 
to the interview, only 29.3% sought medical assistance while 47.8% relied 
on self-medicating. In the study, self-medication included over the counter 
medicines or home self-treatments. The number of households reported to 
have sought medical assistance for rummy tummy for 0-17 age group are 
however contrary to the records obtained from two (02) local clinics 
(Appendix K and L). According to the clinic records no diarrheal related 
diseases or cases recorded for the period March-August 2018. 
 
Figure 4.2 The association between age and runny tummy cases. Runny 
tummy cases two weeks before data collection 
Statistical analysis using the Chi-square test (Appendix J, Table 2), 
showed no statistically significant relationship between age and runny 
tummy cases for both pilot and main study. The runny tummy cases from 0-
17 age group could be attributed to inadequate infant faecal management. 
Used disposable nappies were observed within the surroundings of the 
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chemical toilet, indicating poor infant faecal management. The 0-17 age 
group included infants and toddlers are still using nappies. According to 
Centre for Disease Control (2019) infants are children from birth to 1 year 
and toddlers are from 02-03 years.  
Freeman et al., (2016) reported that unsafe management of child excreta is 
common in many countries. Inadequate infant faecal management poses a 
threat to children’s health as they are more prone to be exposed to fecal 
pathogens than adults due to their behaviors (crawling, playing, and putting 
contaminated fingers into their mouth). Bawankule, Singh, Kumar, and 
Pedgaonkar (2017) reported that inadequate infant faecal management was 
associated with an increased risk of diarrhoea among children.  
4.3 Chemical toilet maintenance, use and household experiences 
The next set of questions dealt with the use of the chemical toilets and 
experiences of the participants related to the toilets (Table 4.2).  
Table 4.2 Percentage response regarding chemical toilet use and 
experience.  
  Percentage response 
Characteristic Study site Often Rarely Never Yes No 
Households using 
chemical toilets 
Main1    95 5 
Pilot2    80.6 19,4 
Do you ever have to 
wait to use the toilet 
Main 54.9 36.1 9   
Pilot 16 48 36   
Bad odour from 
chemical toilet 
Main 85.7 13.5 0,8   
Pilot 71.4 25 3,6   
Flies present Main 83.5 13.5 3   
Pilot 71.4 25 3.6   
Washed hands after 
toilet use 
Main 93.2 6 0.8   
Pilot 82.8 17.2 0   
Water close to toilet for 
hand washing  
Main    4.5 95.5 
Pilot    3.6 96.4 
1Main study site was Zithobeni Ext. 8; n=140 households 
2Pilot study site was Phumzile informal settlement; n=31 households 
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The results showed that 95% of the main study, and 80.6% of the pilot study 
reported using the chemical toilets (Table 4.2).   According to the study 7.6% 
of households from both study sites were not using the chemical toilet all 
the time. Those not using the chemical toilets all the time indicated using 
other alternatives for toilet activities. Other alternatives included private pit 
latrines in their yards, buckets and open defecation in nearby field. Those 
practising open defecation indicated poor hygiene as the main reason. What 
is evident from both study sites is that the use and acceptance of sanitation 
facilities is determined by the state of cleanliness or lack thereof.  
Bad odour from the chemical toilets was reported from both study sites, pilot 
study at 71.4% as compared to main study at 85.7%. The presence of the 
bad odour suggests unsatisfactory cleanliness of the toilets which may 
result in households not using the chemical toilets as desired. The results 
are consistent with the findings by Windh and Holmlund (2018) that informal 
settlements residents do not have a problem using the toilet facilities during 
daytime except from the smell. The presence of bad odour could also be 
attributed to lack of ventilation pipes in most of the toilets as a control 
measure for the smell. 
The presence of flies was reported from both study sites, 71.4% from the 
pilot study site vs 83.5% for the main study site. The results suggests that 
inadequately cleaned chemical toilets can be a breeding site for flies as they 
are attracted to the odour. When comparing the results on the presence of 
flies and bad odour, the percentages are almost similar. The slight 
similarities on the percentages suggest significant association between dirty 
toilet surfaces and the breeding of flies. Another contributing factor for the 
presence of flies could be doors that were not closing properly, in the study 
73.8% of door levers were found to be not working. The presence of flies 
could also be caused by the lack of ventilation pipes in most of the toilets. 
Ventilation pipes with fly screen act as a control measure for the movement 
of flies to minimise the risk of human exposure to foodborne pathogens.  
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The observations are consistent with the findings by Yalli, Sambo, Lawal 
and Tukur (2017) that the presence of flies indicate sanitary deficiency and 
unhygienic conditions in an environment. The reported number of runny 
tummy cases could also be associated with the presence of flies, as they 
are known as reservoirs of various human pathogens and mechanical 
vectors in the spreading of diarrheal diseases. A number of fly species such 
as the common housefly or Musca domestica have adapted to life in human 
settlements, and feed on human foodstuffs and waste. The presence of flies 
suggest that the provided chemical toilets do not act as a barrier which helps 
in eradicating disease transmission.  
The study found that there were no hand washing facilities provided near to 
the chemical toilets in both study sites. Despite not having access to hand 
washing facilities, 82.8% of households from the pilot study site reported 
washing hands after using the toilet as compared to 93.2% of households 
from the main study site. Access to water in both settlements was by means 
of communal taps, located in the streets of the settlements with the common 
practice of participants collecting the water storing it in containers at home. 
The reliance on self-reporting for hand washing practises is a limitation of 
this study and may introduce bias. Seimetz, Slekiene, Friedrich, and Mosler 
(2017) found that several studies have shown that self-reporting 
overestimates hand washing behaviour when compared to observed 
frequencies. Household hand washing practices were not observed in the 
study.  
Burns et al., (2018) states that the regular washing of hands is a cheap and 
effective way to reduce communicable diseases and related child mortality 
in developing countries. According to Brown (2013) good washing practices 
should be inclusive of water and washing agent such as soap. Although 
there are many research that advocates for washing hands with soap Burton 
et al., (2011) argued that is not conclusive that hand washing with soap is 
more effective than using water only. While hand washing is known as an 
effective way of reducing diseases, recent evidence suggest that instilling a 
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habit of washing hands at critical times continues to be a challenging task 
in communities. 
Table 4.3 shows that households from the pilot study site were not sure of 
the frequency of cleaning the toilets, while households from main study site 
indicated that the chemical toilets are cleaned twice per week by the 
contractor. 
Table 4.3  Chemical Toilet Cleanliness Characteristics 
  Percentage response 
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Who cleans the toilet? 
Main1 65.1 33.3 14.3    
Pilot2 13.6 4.5 86.4    
How often is the toilet 
cleaned? 
Main    6.9 80 13.1 
Pilot    0 83.3 16.7 
Supply of the toilet  paper                                                              
Main 7 93     
Pilot 56 44     
1Main study site was Zithobeni Ext. 8; n=140 households 
2Pilot study site was Phumzile informal settlement; n=31 households 
According to the households in both study sites, the contractor primarily 
empties the toilet rather than cleaning of the entire toilet structure. The 
inadequacy of cleaning can be attributed to the lack of cleaning schedule 
from the municipality as part of the contractual conditions for the contractor.  
This can be associated with the fact that municipalities put more efforts into 
increasing sanitation facilities and neglecting operation and maintenance of 
such facilities (DWS, 2016).  
Findings from both study sites indicated that some households sometimes 
clean the toilets themselves as they are often dirty. This implies that some 
households are benefitting from using the chemical toilet but put little or no 
effort into keeping it clean. This may be due to the fact that the toilets remain 
dirty without any cleaning by the contractor. Literature on the recommended 
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cleaning frequency of shared chemical toilet facilities is lacking. In this study 
the frequency of cleaning is insufficient as most of the chemical toilets were 
dirty and full in most days of the study period.  
The dirtiness of the chemical toilets also suggest negligence, lack of 
accountability and sense of ownership from households. According to 
Simiyu, Swilling, Rheingans, and Cairncross (2017b) the quality of 
cleanliness of toilet facilities decreases as there in an increase in the 
number of households sharing toilet facility. These observations are similar 
to findings of the study on shared toilets conducted in informal settlements 
in Uganda (Tumwebaze and Mosler, 2014).  
Notable inconsistency in both study sites is the supply of toilet paper. 
Households from the pilot study site indicated being supplied toilet paper by 
the contractor while households form the main study site reported supplying 
their own toilet paper. Despite the supply of toilet paper by the contractor, 
46% of households from the pilot study indicated providing toilet paper 
themselves as is often not available. This may suggest a scenario where 
households keep the provided toilet paper for themselves rather than to 
share with other households. 
Households from both study sites reported dissatisfaction with the chemical 
toilets (Table 4.4). Households (70.4%) from the pilot study site feel that 
their privacy is not maintained while 88.8% of the main study site household 
reported felt this way. The household’s dissatisfaction could be associated 
with the lack of doors in some of the toilets to provide much needed privacy.  
Households from both study sites indicated dissatisfaction with the chemical 
toilets as they feel that their dignity was not maintained when using the toilet. 
This may be associated to the poor cleanliness status of the chemical 
toilets, bad odour and flies. Cleanliness appears to play a critical role in the 
usage and acceptance of the chemical toilets. Similar findings were noted 
by Alam, Winch, Saxton, Nizame, Yeasmin, Norman, Masud, Begum, 
Rahman, Hossain and Layden (2017) that the main reason for 
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dissatisfaction with shared toilets in slums include dirty and smelly 
conditions as well as privacy concerns.  
Table 4.4  Perception, Receptiveness and Safety Characteristics 
 Percentage response 
Characteristic 
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Feeling privacy is maintained 
when using chemical toilet 
Main1 9.8 88.6 1.5   
Pilot2 22.2 70.4 7.4   
Feeling dignity is maintained 
when using chemical toilet 
Main 9.2 88.5 2.3   
Pilot 22.2 70.4 7.4   
Feeling safe using the toilet at 
night 
Main    18.9 81.1 
Pilot    28 72 
Means of lighting at night 
Main    20,6 79.4 
Pilot    7.1 92.9 
Households experienced 
criminal activities 
Main    13.6 86.4 
Pilot    27.6 72.4 
1Main study site was Zithobeni Ext. 8; n=140 households 
2Pilot study site was Phumzile informal settlement; n=31 households 
The second most frequent reason for households choosing not to use the 
chemical toilet is criminal concerns. This can be attributed to the fact that 
the chemical toilets are located outside households’ yards, potentially 
posing threats of criminal activities. On the contrary, the study results 
revealed lower statistics of criminal activities experienced by households 
than expected. About 27.6% of households from the pilot study reported to 
have experienced criminal activities as compared to 13.6% from the main 
study site. The reported criminal activities from both study sites included 
rape, physical assault, locked inside the toilet and robbery.  
A study by Jacobs (2018) found that using a toilet in informal settlement is 
regarded as one of the most dangerous activities for residents, as they are 
frequently robbed, raped, assaulted and murdered. Similar findings were 
reported by Hangulu et al., (2017) that people using shared sanitation 
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systems and toilets far from the house refuse to go to the toilet because 
they are afraid of being assaulted or robbed on their way to the facilities. 
The lack of proper lighting at night was reported by households from both 
study sites. Lack of lighting may be due to the fact that informal settlement 
are developing without any formal planning hence the lack of basic services. 
Households reported not feeling safe using the chemical toilet at night due 
to criminal activities, suggesting a significant association between the lack 
of lighting and criminal activities, consequently discouraging the use of 
chemical toilets at night. The possibility of criminal activities at night could 
lead to households using other toilet alternatives such as open defecation 
or using containers.  
4.4 Chemical toilet observations  
A chemical toilet observation checklist was used to evaluate the cleanliness 
of selected chemical toilets at the main study. Observations included 
structure, hygiene, and environment and accessibility characteristics of the 
chemical toilet. The data collected and drawn from the observation checklist 
is presented in Figures 4.3 - 4.6. 
The findings shows that (76.7%) of the chemical toilets had cracks or were 
damaged, 65.9% of the doors were not in good working condition, 73.8% of 
the door levers were not working and 65.8 % had no ventilation pipes. The 
results indicated poor maintenance of the toilet facilities, with some 
technical aspects that need attention, as highlighted above.  
The unwillingness of households to clean the toilet facilities could be 
associated with lack of ownership and accountability hence failing to keep 
the facility clean and functional. According to Mels et al., (2009) conflicts 
amongst households on the maintenance of the sanitation facility often lead 
to vandalism, damage, and destruction of the systems. The structural 
conditions may be due to the fact that sanitation is often not priority, hence 
not allocated sufficient budget for the maintenance by municipalities or 
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decision makers. These findings can also be attributed to the fact that 
households do not place sanitation as a priority need such as housing, water 
and electricity.  
 
Figure 4.3  Results from the chemical observation checklist related to 
general maintenance of the toilets. 
According to Simiyu et al., (2017b) sanitation is a core basic services often 
lacking in informal settlements, a situation attributed to various factors such 
as limited public finances, reluctance from governments to allocate funds 
for such private goods as sanitation. Similar findings were made by Mjoli 
(2010) that most municipalities do not allocate budget for the long-term 
sustainability of sanitation facilities. The reluctance from government to 
allocate funds may also be due to that most informal settlements are located 
in private lands without proper ownership.  
The other contributing factor for government not to provide sustainable 
sanitation facilities to informal settlements is the nature of their 
establishment, mushrooming without any planning. These results are 
consistent with the definition of informal settlements, described as an 
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unplanned dwelling on land which has not been surveyed or proclaimed as 
residential (Stats SA, 2016).  
The illegality and informality is making it impossible for the government to 
invest in informal settlements. Therefore, lack of tenure or title deeds not 
only discourages sanitation agencies from providing services but also 
discourages households from investing in good sanitation facilities because 
of their fear of being moved on to other locations (DWS, 2016). Shared 
sanitation is described as a ‘limited’ sanitation service, donors and 
governments are reluctant to invest in it as it does not count towards 
achieving SDG’s target 6.2 (Evans, Hueso, Johnston, Norman, Pérez, 
Slaymaker, and Trémolet, 2017). 
Figure 4.4 shows the chemical toilet hygiene conditions as observed in the 
selected chemical toilets (n=42). According to the observations, cleanliness 
was unsatisfactory in 83.3% of the chemical toilets, 90.5 % had no toilet 
paper.  90.5% of the chemical toilets had no access hand washing, only few 
that were located close to the communal taps.  
 
Figure 4.4 Results from the chemical observation checklist related to the 
availability of hygiene facilities for the toilets. 
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The unsatisfactory cleanliness could be associated with the inadequate 
cleaning frequency of the chemical toilets, households from both study sited 
indicated that they are only cleaned once per week. Considering that the 
chemical toilets are shared by households, cleaning once per week may not 
be adequate and effective. 
The results revealed unsatisfactory environmental hygiene with flies present 
(78.6%), bad odour (88.1%) and open defecation (66.7%; Figure 4.5) 
noted. The unsatisfactory environmental hygiene conditions may be 
associated with location of the toilet facilities. The chemical toilets are 
located on the streets boundaries, resulting to lack of ownership and 
accountability from households. Poor environmental conditions such as 
illegal refuse dumping within the surroundings of the chemical toilets were 
also observed. This can be attributed to municipal waste trucks unable to 
gain access to some parts of the informal settlements due to narrow roads. 
The presence of refuse dumps suggest that environmental health 
awareness aimed at changing behaviour and promoting healthy 
environment are lacking.  
 
Figure 4.5  Results from the chemical observation checklist related to the 
environmental hygiene of the toilets.  
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The presence of stagnant water was observed around the chemical toilets 
and could be the result of rain water. This can be attributed to the 
unavailability of storm water drainage in the settlement, as a result 
contributing to bad odour and the presence of flies. The presence of 
stagnant water could also encourages the roaming of stray animals as it 
provides source of water. 
Evidence of open defecation was observed on the surrounding ground of 
the chemical toilet. There is a possibility of human faeces given the way it 
was presented but animal faeces could not be excluded as stray animals 
were observed in the vicinity of the chemical toilet.  Open defecation may 
indicate dysfunctional and inadequate sanitation facilities which drive 
residents to open defecation. Tumwebaze et al., (2014) found that poor-
quality sanitation facilities may not be used and users may resort to 
practices such as open defecation. According to Nelson, Karver, Kullman 
and Graham (2014) perceived cleanliness appears to play an important role 
in satisfaction with sanitation facilities.  
The average walking distance from households to the chemical toilet was 
observed and estimated in terms of metres, the results are presented in 
Figure 4.6. The study found that the furthest distance from the households 
to the chemical toilet is less than 140m. The findings are in line with the 
reported trends that in the year 2009 an estimated 88% households resided 
less than 200 metres away from the outside-yard toilet facility, whereas in 
2015 the percentage increased to 94% (Stats SA, 2016).  
4.5 Contractor and Municipal Official interviews 
The Contractor and Municipal Official overseeing operation and 
maintenance of chemical toilets at the main study site were interviewed by 
the researcher. Interview responses were captured in Appendix H and I. 
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Figure 4.6 Average walking distance from households to chemical toilet 
facility. 
The contractor reported emptying and cleaning the chemical toilets weekly 
on Tuesdays and Thursdays and the collected human excreta gets 
disposed of at a municipal waste treatment plant. According to the 
contractor bio-pack chemicals products are used for cleaning, however 
indicated there are no fly control measures in place. The contractor 
indicated supplying toilet paper but not on a regular basis. The chemical 
toilets are replaced every three years. The contractor submit monthly 
reports to the municipality and sometimes have meetings to discuss the 
operation and maintenance of the chemical toilets. The contractor reported 
that they were not aware of any incidence of criminal activities reported by 
households.  
The municipal official confirmed that the contractor cleans the chemical 
toilets twice per week (Tuesday and Thursday) and that the human excreta 
waste is disposed at the municipal waste treatment plant. The Municipal 
official indicated not to have any knowledge of the type of cleaning chemical 
products used and fly control measures in place and that households supply 
their own toilet paper. Another notable outcome of the interview with the 
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municipal official is that there were no hand washing facilities provided by 
the municipality.  
Based on the response from the municipal official, the contractor does 
submit the monthly reports of the chemical toilets, however, not sure on the 
lifespan and schedule for the replacement of damaged chemical toilets.  
According to the municipal official meetings are held between the contractor 
and the municipality, however, the meeting schedule is inconsistent. The 
lack of frequent meeting between the contractor and municipality may 
suggest that issues regarding the maintenance of the chemical toilets are 
not discussed or neglected, hence study found that most of the toilet 
facilities are not properly functioning. 
Although both parties reported that the chemical toilets were cleaned twice 
per week, the study findings showed that the cleaning frequency seems 
insufficient as most of the toilets were dirty. The insufficient frequency of 
cleaning is further supported by the reports from households and 
observations that the toilets are often dirty and smelly. This suggest that 
efforts were made by the municipality to provide basic means of sanitation, 
however the facilities were not regularly checked or maintained as desired.  
The interview results showed lack or poor monitoring from the municipal 
officials, as they lacked knowledge of cleaning materials used or 
recommended to the contractor. This may be due to the unavailability of 
operation and maintenance plan with specified timeframes for monitoring of 
the services rendered by the contractor. There were no clear indications on 
the lifespan or schedule for replacement of damaged facilities.  
The results further showed lack or poor communication between the 
contractor and municipal officials. The study found that there was no clear 
meeting schedules in place where issues related to the operations and 
maintenance of the chemical toilets will be discussed. This suggest a 
scenario that the main focus was on the provision of the chemical toilets 
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(hardware) and as a result the components such as maintenance and 
educational programmes (software) were neglected.  
The municipal official and contractor indicated that they are no educational 
programmes rendered for the households regarding the use and 
maintenance of the chemical toilet. The results are consistent with the study 
findings by Naidoo et al., (2008) that most sanitation projects implemented 
at municipalities lacked health and hygiene awareness. The results are also 
in line with provisions of The National Sanitation Policy (2016), that health 
and hygiene awareness in the country is often absent, despite extensive 
knowledge of its importance (DWS, 2016). This can be attributed to the fact 
that relevant role players in the provision of sanitation work in isolation.  
Both the municipal official and contractor indicated that there were no hand 
washing facilities provided in the settlements. The lack of hand washing 
facilities is also supported by the reports from households in both study 
sites. The provision of sanitation in informal settlements should be 
accompanied by promotional activities focusing at improving the health and 
welfare of the community, rather than on the provision of toilet structure.  
Role-players such as EHP’s have a significant role in ensuring that 
communities are equipped with information and knowledge to manage their 
sanitation facilities in a hygienic and sustainable manner. The National 
Sanitation Policy is calling for co-ordination at all tiers and sectors of 
government in order to improve sanitation and maximise public health 
benefits (DWS, 2016). 
4.6 Microbiological Samples 
In this study microbiological samples were collected from hands, drinking 
water, dishcloths and toilets surfaces and tested for the presence of E. coli. 
A summary of the results is shown in Figure 4.7 and will be discussed in 
more detail in the order the data is reported in the figure. 
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Figure 4.7 E. coli distribution on hands, chemical toilet surfaces and 
drinking water samples. 
4.6.1 Hand swabs  
The above Figure 4.7 shows that the presence of E. coli contamination was 
detected in 7 (10.3%) out of the 61 hand swabs samples from adults and 
none of the children’s samples. The presence of E. coli on the hands 
suggests poor hygiene practices such as not washing hands after toilet use 
or possibly improper had washing technique.  
Based on reported literature more hands that tested positive for the E. coli 
were expected from the adult hand swab results. In recent years, there have 
been increasing number of publication reporting evidence of more E. coli 
contamination on hands with the hands implicated as a major transmitter of 
microorganisms to environmental surfaces. Similar findings were also noted 
in a study by Navab-Daneshmand et al., (2018) who found higher numbers 
of hands testing positive for E. coli on hands.  
H
an
d 
sw
ab
s-
ad
ul
ts
H
an
d 
sw
ab
s-
ch
ild
re
n 
un
de
r 5
Su
rfa
ce
 s
w
ab
s-
to
ile
t s
ea
t
Su
rfa
ce
 s
w
ab
s-
do
or
 h
an
dl
e
D
rin
ki
ng
 w
at
er
0
20
40
60
80
N
u
m
b
e
r 
o
f 
s
a
m
p
le
s
Samples taken E. coli positive samples
62 
 
This lower number of hands testing positive for E. coli could be attributed to 
the households’ high reported frequency of hand washing practices. The 
observation could also be associated with the availability of running tap 
water from the communal taps, encouraging households to practise hand 
washing. However, it has to be noted in literature that effective hand 
washing is achieved through soap and water and in this study soap was not 
always present. Navab-Daneshmand (2018) stated that even after a hand 
washing event, E. coli on hands can increase within only a few minutes if 
household activities are performed.  
The study found no E. coli on the children’s hands. The no E. coli on the 
hands could indicate good hygiene practises that has been linked to 
reduction in child diarrhea which is possibly why there is no reports at the 
clinics (Appendix K) and (Appendix L). The clinical records showed no 
diarrheal cases from March-August 2018, which covers the duration of the 
data collection period. The absence of E. coli on the children’s hands could 
be associated with care giver’s personal hygiene.  Another notable limitation 
of the study was that households’ personal hygiene practices were not 
assessed. 
4.6.2 Surface swabs from chemical toilet seats 
E. coli contamination was detected from 11 (25.6%) of the 36 chemical toilet 
seat swabs collected (Figure 4.5). Based on the results, there is faecal 
contamination on the toilet seats that can possibly be transferred back to 
the hands. In the study E. coli was chosen as it is regarded as the most 
reliable indicator for the presence of faecal contamination. The results 
suggest a prevalence of faecal contamination within the settlement and that 
shared chemical toilet may potentially act as a reservoir for transmission of 
faecal-oral diseases.  
The presence of E. coli on the toilet seats are consistent with the observed 
unsatisfactory hygienic conditions in terms of visual appraisal from the 
selected chemical toilets. According to the observations 35 of the 42 
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selected and observed chemical toilets were dirty and had bad odour. The 
presence of E. coli on the toilet seats are also consistent the reports from 
households that the toilet are often dirty, presence of flies and bad odour.  
Similar findings were observed in urban Dar es Salaam, Tanzania 
suggesting a high prevalence of human ESBL faecal carriage in the 
community and that shared latrines serves as a reservoir for transmission 
of faecal pathogens (Erb et al., 2018). Consistent observations were made 
by Alam et al., (2017) that extremely dirty or dysfunctional toilets heighten 
exposure to faecal pathogens.  
The presence of E. coli on the toilet seats can also be attributed to 
insufficient cleaning of the chemical toilets without the use of effective 
disinfectants, resulting in bacteria colonizing the toilet seat surfaces. Gupta, 
Jain and Jain (2018) made similar observations that even after multiple 
cleaning with disinfectants, bacteria can survive in the toilets for a long time. 
Although the above observations were made from student’s restrooms in 
tertiary care hospitals, but can be applied to this study given the similarity in 
the scenario being studied. 
4.6.3 Surface swabs from door handles 
Microbiological results from the door handles swabs detected no E. coli 
contamination from all seven (7) samples taken. These results are contrary 
to the previous studies on E. coli contamination on door handles. Toilet door 
handles are generally considered as one of the hotspots for faecal 
contamination as they are frequently in contact with hands. According to 
Gupta et al., (2018) door handles are routinely touched with hands and have 
high bacteria load as compared other surfaces such as toilet floors and 
seats. 
Akinjogunla et al., (2017) conducted a study on disinfectant susceptibility of 
bacterial isolates from door handles and found that out of nine (9) different 
bacteria, E. coli was found to have the highest frequencies of occurrence 
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on the door handles. This is further supported by Tsaku et al., (2017) study 
which reveal that E. coli species were found in various contact surfaces 
such as door handles and many other common household fixtures. In 
general, based on the above evidence in literature, high E. coli 
concentrations were expected from the chemical toilet door handles.  The 
no E. coli could have been due to the high temperature on the door handles 
are they are in the sun most of the time. This would increase the 
temperature and the direct UV could kill the E. coli.  Another possibility is 
that the door handles are made of copper material. According to Palza, 
Nunez, Bastias and Delgado (2018) copper and its alloys has been found 
to reduce environmental contamination and thus preventing healthcare 
associated infections  
4.6.4 Drinking Water Samples 
According to the results presented in Figure 4.6  E. coli contamination was 
detected from 14 (24%) of the 58 drinking water samples collected from the 
households. Figure 4.8 summarises the E. coli results distribution in terms 
of risk categorisation as per the WHO drinking water quality guidelines 
(WHO, 2012). The observed E. coli contamination can be associated with 
the stored drinking water in containers. Consistent findings were made by 
Vannavong et al., (2017) that water storage containers were significantly 
associated with E. coli contamination in drinking water.  Mudau et al, (2017) 
states that storage of water in containers is one of the barriers obstructing 
the sustainability of good water quality in households. Subsequently, 
resulting in poor hygiene as most containers are often dirty, showing 
scratches, biofilm etc.  
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Figure 4.8  E. coli results presented as Most Probable Number 
(MPN)/100 ml in household drinking water in Zithobeni 
Extension 8 Informal Settlement. 
The presence of E. coli could be associated with human behaviour (dipping 
of hands inside the container, mixing soil with soap to clean containers) 
during the collection, transportation and storage. A study by Kundu, Smith, 
Harvey and Wuertz, (2018) found that E. coli on hands was transmitted to 
stored drinking water. Navab-Daneshmand (2018) indicated that the decline 
in stored drinking water quality is often attributed to water contacts with 
contaminated hands or utensils.  
The results suggests an association between the reported runny tummy 
incidences and the presence of E. coli concentrations on drinking water. A 
study by Ercumen et al., (2017) demonstrated a relationship between E. coli 
in drinking water and diarrhoea. Consistent findings were made in rural 
Limpopo, South Africa where diarrheal incidences were associated with E. 
coli in household drinking water (Gundry et al., 2009). The results are 
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consistent with findings of the past study by Too, Sang, Ng'ang'a, and 
Ngayo (2016), which found faecal contamination in household drinking 
water. This can be attributed to poor hygiene as the results from 
households’ questionnaires and interviews indicated absence of health and 
hygiene awareness programmes rendered in the settlement.   
However, on contrary to the observed results, the fewer number of samples 
positive for E. coli could be associated with the availability of treated water 
from the municipal taps. In a study by Navab-Daneshmand (2018) improved 
water sources were found to significantly reduce the detection of E. coli 
virulence genes in stored water in Tanzanian households. Notable limitation 
was that household water management practices were not assessed in the 
study.  
4.6.5 Household Dishcloths 
E. coli was used as a model organism to investigate the possible faecal 
contamination and occurrence of pathogenic E. coli on households’ 
dishcloths. Although various sections of the dishcloths (n=258) were tested 
for E. coli and only 127 pieces tested positive for E. coli. The results are 
summarised and presented in Table 5.4. 
Table 4.5 Average of E. coli genes obtained from combined dishcloths 
samples 
    EHEC      
 Controls EPEC   EIEC ETEC EAEC  
 mdh gapdh bfp eae stx1 stx2 ial lt st eagg Asta 
n 52 52 28 30 5 11 1 26 21 45 49 
% 100 100 54 58 10 21 2 50 40 87 94 
 
Pathogenic E. coli species are classified into its various pathotypes 
according to the presence of one or all of its virulence genes. Table 4.6 
shows the presence of pathogenic E. coli detected overall in the dishcloths. 
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Table 4.6  Average of E. coli pathotypes obtained from combined 
dishcloth samples 
 Total EPEC EHEC ETEC EAEC EIEC 
Number 52 34 5 30 45 1 
Percentage 100 65 28.8 57.7 86.5 6.7 
The results from the dishcloths shows the presence of a number of 
pathogenic E. coli strains namely: EPEC, ETEC and EAEC. The results 
suggest that dishcloths as they are used for multiple purposes in a 
household have potential to harbor and spread microorganisms. According 
to Jang, Hur, Sadowsky, Byappanahalli, Yan and Ishii (2017) specific strains 
of E. coli can survive for long time and potentially reproduce in extra 
intestinal environments. 
The presence of E. coli could be associated with inadequate disinfection 
and drying of dishcloths, as a result providing an ideal environment for 
microbiological growth. The reported number of runny tummy cases from 
households could be associated with the presence of pathogenic strains of 
E. coli as they are capable of causing diarrhoea. The results suggests that 
E. coli may have been transmitted through the fecal-oral route and 
contaminated households’ surfaces.  
The results are consistent with the study by Borrusso and Quinlan (2017), 
that various bacterial species, including E. coli were found from kitchen 
sinks, sponges, and dishcloths, indicating that dishcloths are reservoirs and 
vectors for bacteria in the kitchen. Similarly, a study by Chavatte, Baré, 
Lambrecht, Van Damme, Vaerewijck, Sabbe and Houf (2014) also found 
high bacterial load on dishcloths.  
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 4.7 Conclusion 
The chapter provided an overview of findings from the different data 
collection tools used in the study in an effort to address the main research 
question. The next chapter presents more detailed discussion on the study 
results. 
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CHAPTER 5 
DISCUSSIONS AND RECOMMENDATIONS 
5.1 Introduction  
In this chapter in-depth discussions on the research findings are discussed 
with the aim of addressing the main research question, i.e. the continued 
use of chemical toilets increasing the risk of infection for community 
members using these toilets. The implications of the study findings will be 
presented in this chapter.  Possible recommendations are also outlined. The 
discussions will be presented using the following themes, which formed the 
core of the research study: 
 Demographics 
 Qualitative Methods Results 
 Quantitative Methods Results 
 Summary and the integration of findings 
5.1.1 Demographics 
The study found that chemical toilets are the only means of sanitation 
facilities provided in Phumzile and Zithobeni Extension 8 informal 
settlements by the municipality. The chemical toilets were provided as a 
temporary measure to address sanitation needs in the informal settlement. 
The municipality provided the chemical toilets to fulfil constitutional 
obligation of providing sanitation to all residents in the area under its 
jurisdiction. According to the City of Tshwane Integrated Development plan, 
the municipality is yet to formalise informal settlements (DPLG, 2001). 
However, timeframes for the finalisation of the formalisation process is not 
stipulated. Implications of the findings are that the temporary status of the 
informal settlements hinder authorities to provide sustainable sanitation 
facilities, hence the provision of interim measures. 
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The results revealed that the highest education level amongst households 
from both study sites is secondary education. The study found a high level 
of unemployment from both settlements. The high level of unemployment 
could be attributed to the low level of education resulting in household not 
having any skills for potential employment.  
The pilot study found that 25% of households had runny tummy in the period 
two weeks prior to the interview as compared to 31.9% from the main study 
site. The runny tummy cases could be the result of contaminated drinking 
water, 24% of the drinking water samples tested positive for E. coli. The 
presence of E. coli in the stored drinking water could be associated with 
poor personal hygiene, poor storage and handling of drinking water. 
According to Mudau et al., (2017) dipping of hands inside drinking water 
during the collection, transportation and handling at home are some of the 
hazards associated with the use of containers. 
The other contributing factor to the reported runny tummy cases could be 
the unavailability of hand washing facilities. The study found that hand 
washing facilities were not available near the chemical toilets in both study 
sites. This may be attributed to the fact that hand washing facilities are not 
included as compulsory component of the basic sanitation infrastructure. 
This suggest a scenario where households use the toilet facility and not be 
able to wash hands due to unavailability of facilities. The non-washing of 
hands promotes faecal transmission from hands to other environmental 
compartments. 
The runny tummy cases may also be associated to the unavailability of toilet 
paper as observed in 90.5% of the chemical toilets at the main study site. 
This may be due to the households not having any employment, hence 
unable to buy toilet papers. According to Windh et al., (2018) people living 
in informal settlements have different cultural backgrounds and socio-
economic conditions. The unavailability of toilet papers in the toilets could 
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also be attributed to the fact that the facility is shared, individual household 
are not willing to share, keeping toilet papers for themselves.  
This may also imply that households use other material such as newspapers 
for toilet purposes. Materials such as newspapers might not effectively 
serve the desired purpose, hence the possibility of soiling hands and the 
facility. The unintentional soiling of hands and the toilet facility may result in 
faecal contamination. E. coli can be transmitted from the soiled hands to 
dishcloths. Consequently, contaminated dishcloths can reintroduce E. coli 
to households’ surfaces as they are used to dry hands, surfaces, kitchen 
utensils etc.   
5.1.2 Qualitative Methods Results 
This section aims to describe insights gained with respect to the 
observations and evaluation of selected chemical toilets in the settlements 
in terms of visual appraisal. Cleanliness in most (83.3%) of the chemical 
toilets was unsatisfactory in terms of visual appraisal. The inadequate 
cleanliness of the chemical toilets implies that the facilities are not serving 
its primary purpose of providing a multi-barrier to reduce excreta related 
pathogens.  
The unsatisfactory cleanliness suggest that there was little or no efforts from 
households to keep toilet facilities clean and functional. This may be 
attributed to the facility being used by many households, resulting in lack of 
accountability to keep it clean. Findings from municipal official and 
contractor interviews revealed poor monitoring of the chemical toilets in 
terms of cleanliness and structural maintenance. The poor cleanliness could 
be attributed to the poor structural conditions as the facility is exposed to 
unfavourable weather conditions such as dust, rain.  
The study found the presence of flies and bad odour from both study sites. 
The presence of flies and bad odour may be associated with the poor 
structural conditions of the chemical toilets, 65.8% did not have ventilation 
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pipes as a control measure for smell and flies. The other contributing factor 
is the lack of critical structural components of the chemical toilet container 
such as doors, toilet seat covers, which can assist in discouraging free 
movement of flies and control the bad odour. The presence of stagnant 
water within the vicinity of the chemical toilet provides a potential breeding 
area for the flies.  
Unhygienic conditions were observed on the vicinity of the chemical toilets. 
Unhygienic conditions included open defecation, refuse dumping, stagnant 
water and stray animals. Open defecation may indicate broken and 
inadequate sanitation facilities. Some households may prefer to practice 
open defecation than to use the broken chemical toilets. According Mahajan 
and Bhatia (2018) most people in the rural areas are unaware of the health 
impacts related with the practice of open defecation. There is an urgent 
need for the discouragement of open defecation as it poses a threat to 
human health and environment. 
Illegal dumping of refuse could be associated with household’s poor or lack 
of environmental hygiene awareness. Prevalence of illegal dumping of 
refuse suggest  lack or weak health and hygiene programmes aimed at 
promoting personal and environmental hygiene for households by the 
municipality. Illegal dumping could also be attributed to limited waste 
management services due to the non- formalisation of the settlement. Poor 
waste management services in informal settlements could be associated 
with poor access roads and lack of waste receptacles.  
The study revealed that the furthest walking distance from the households 
is less than 140 meters, indicating a reduction as compared to the 200 
metres as reported in 2015 (Stats SA, 2016). The reduction in walking 
distance suggest that there is advancement in household’s access to 
sanitation services. The reduction in walking distance from households to 
toilet facilities may be attributed to efforts by municipalities to decrease the 
backlogs (DWA, 2013). The improvement in the walking distance can also 
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be attributed to government’s effort in providing sanitation services to 
informal settlements as means of realising the SDG sanitation goal by 2030 
(WHO, 2015). According to Gonsalves et al., (2015) the average walking 
time to and from a toilet was estimated to be 2.5 minutes. Future research 
studies to assess the average acceptable travel time per trip to the toilet are 
recommended. Despite spending time walking to the toilet facility, 
households indicated that they also have to wait to use the toilet as it is 
shared with other households. 
5.1.3 Quantitative Methods Results  
The aim of the quantitative component was to determine hygiene practices 
of chemical toilet users through microbiological testing of E. coli. 
Households’ perception and receptiveness to the use of chemical toilets 
were also examined through the use of a questionnaire. 
Surface swab samples results taken from toilet seats showed the presence 
of E. coli bacteria on 25% of the toilet seats swabs, indicating possible 
faecal contamination. The presence of E. coli on the toilets seats suggest 
that the toilets are dirty and households are exposed to faecal pathogens. 
The results are consistent with findings made by Alam et al., (2017) that 
extremely dirty or dysfunctional toilets heighten exposure to faecal 
pathogens. This may possibly be due to ineffectiveness of the disinfectants 
used for cleaning and infrequency of cleaning of the toilets. The presence 
of E. coli bacteria on the toilet seats is associated with households’ poor 
hygiene practices such as soiling of toilet seats.  
Surface swab samples results taken from the door handles showed no 
presence E. coli in all seven (07) samples. The absence of E. coli in the 
door handles sampled in the study could be attributed to following significant 
factors such as: 
Ambient environmental conditions on door handles are generally dry, 
barren and resource poor as compared to host-associated environments. 
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Due to the dryness, surfaces such as door handles are not ideal for 
microbial growth and survival. Another possibility that may inhibit the 
microbial growth and survival on door handles is copper material. Copper 
and its alloys has been found to reduce environmental contamination (Palza 
et al., 2018)  
Temperature affects  growth and survival of E. coli as is generally low 
(<30°C) in natural environment as compared to the intestinal area of warm‐
blooded animals or humans which has temperature of  36-40°C, which is 
ideal for  E. coli growth.  Another contributing factor is the seasonal 
changes, it might have not been a favourable time for E. coli growth. The 
study involved single-time-point sampling, it was carried out in April-May 
months which are considered to be dry season. The closing and opening of 
the toilet door can cause fluctuation on the temperature which also affect 
the growth and survival of the bacteria on the door handles.  
Nutrients availability is a significant factor in influencing E. coli growth and 
survival in the environment. Natural environments are normally low in 
nutrients as compared with the intestinal tract of warm‐blooded animals. 
Stored Drinking Water results revealed that 24% of the drinking water 
samples collected from households, tested positive for E. coli. Presence of 
E. coli in drinking water primarily means that water is faecal contaminated. 
A study by Bain, Cronk, Hossain, Bonjour, Onda, Wright, Yang, Slaymaker, 
Hunter, Prüss‐Ustün, and Bartram (2014) found that 1.8 billion people 
globally drink water contaminated with E. coli.  Drinking contaminated water 
suggests potential presence of other bacterial pathogens such as 
Salmonella, Campylobacter spp. and Shingella. Implications are that the 
contamination of drinking water could mostly be due to the following human 
behaviour:  
 Dipping of hands at the point of source and along transportation   
 Handling practices  
 Condition of the water storage container 
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 Poor hygiene and sanitation practices 
 The  environmental conditions such as dust from open defecation, can 
contaminate drinking water during transportation  
 
Despite the providing communal taps in the settlements, the presence E. 
coli in drinking water suggest water is not necessarily microbiologically 
acceptable or safe for human consumption.  
Hand swabs results indicated that E. coli was detected in 10.3% adults’ 
hands swab samples and 0% detection from children 0-5 age group. The 
contamination of adult hands suggest poor personal hygiene practices.  E. 
coli contamination on hands could also be associated with rapid 
contamination from household’s activities, such as sweeping, cleaning etc. 
According to Julian and Pickering (2015), the cause for rapid contamination 
on hands is unclear, however it is suggested that dirt from household 
activities may contribute to hand contamination.  
Although E. coli was detected from the adults’ hands, the percentage is 
much lower than expected, several factors such as frequent hand wash 
might have significantly influenced the results. In the study hand wash 
practices after toilet use were reported by a large percentage (91.4%) of 
households. The results indicates excellent hand wash practices. The 
positive hygiene behaviour could be associated with the availability of 
running tap water, which encourages households to practice hand washing 
after toilet use. The non-detection of E. coli concentration on children’s 
hands could be associated with care giver personal hygiene practices. 
Households Questionnaire results showed that households were 
dissatisfied with the chemical toilets provided. Households felt that their 
dignity is not maintained when using the chemical toilets. Dissatisfaction 
was found to be clearly connected to poor hygiene, flies, bad odour and lack 
of privacy. The results implies strong association between perceived 
cleanliness of a toilet facility and receptiveness of the facility by households 
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or users. According to the findings, it can be concluded that poor cleanliness 
is associated with households’ lower level of satisfaction. This further 
suggest that household’s satisfaction in a toilet facility provided may play a 
role in helping to move households away from practicing open defecation. 
The study found that the chemical toilets does not provide the necessary 
privacy and dignity that a sanitation facility should provide, hence the 
dissatisfaction from households. Lack of privacy may be attributed to some 
facilities not having doors and not lockable, failing to provide the much 
needed privacy. Similar findings were made by Shiras, Cumming, Brown, 
Muneme, Nala and Dreibelbis (2018) that participants who experienced 
privacy-related stressors and embarrassment complained of poorly 
constructed toilet infrastructure. The damages in the chemical toilet 
structure may suggest possible vandalism and negligence from households. 
According to Duncker (2014) sanitation technology and its acceptance by 
the users were key factors that will impact the sustainability of such 
technology. 
The study found that households were not feeling safe to use the chemical 
toilet at night due to criminal activities. Reported criminal activities includes 
robbery, physical assault, being locked inside the toilet, rape etc. The 
criminal activities could be associated with lack of means of lighting at night 
in the settlement. The lack of means of lighting could be due to non-
formalisation process of the settlement as stated in municipality’s IDP 
document that basic services will be provided after formalisation process.  
The study suggest association between the availability of means of lighting 
and the use of chemical toilets at night. Similar observations were made by 
Windh and Holmlund (2018) that people in informal settlements are afraid 
of criminals since the toilets do not have means of lighting. Consistent 
findings were also made by Belur et al., (2017) that the absence of lighting, 
poor design and siting of toilets, and lack of police presence in informal 
areas are facilitators for violence, especially to women.  
77 
 
5.1.4  Summary and the integration of findings 
 
Figure 5.1 A summary of the main insights derived from the quantitative 
and qualitative components of the study and their integration. 
5.2  Recommendations 
The following recommendations are centred on the findings of the study in 
an attempt to address health and hygiene risks associated with the use of 
chemical toilets. The recommendations will be presented into roles to be 
played by different stakeholders: 
5.2.1  Possible interventions from South African government 
To develop feasible policies that promote the provision of sustainable and 
improved sanitation facilities, taking into consideration the dynamics of 
informal settlements. Allocation of sufficient resources for implementation 
Qualitative Components
•Cleanliness, safety, 
privacy and dignity were 
highly valued 
characteristics in the 
use of chemical toilets 
by households
•Operational and 
maintenance plans of 
the chemical toilets were 
found to be non-existed
•The cleanliness of the 
chemical toilets was 
dependent on the 
households hygiene 
behaviour
•Hand washing facilities 
were not provided
Quantitative Components
•E.coli was detected from 
the household's drinking 
water, hands (adults) , 
dishcloths.
•E.coli was detected on 
the chemical toilets seats
•The presence of E.coli 
increase the risk of 
faecal-oral diseases 
transmission 
•The use and 
receptiveness of 
chemical toilets by 
households were 
associated with 
cleanliness
• The quality of 
cleanliness of toilet 
facilities decreases as 
number of households 
sharing the toilet 
increases
Triangulation of findings
•Sanitation facilities 
should be clean, safe, 
accessible, be able to 
provide privacy and  
maintained households 
dignity
•Sanitation facilities 
should provide a barrier 
against feacal-oral 
dissease transmission
•Hand washing facilities 
should be a compulsory 
component of a 
sanitation facility.
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of strategies aimed at improving access to adequate and equitable 
sanitation in informal settlements. Setting sanitation targets that will ensure 
the realisation of SDG goal no.6 by 2030, which is to ensure access to clean 
water and sanitation.   
Use of sanitation facilities such as chemical toilets should be discouraged 
as they are ideally designed as a short-term measure for emergencies or 
during disasters such as disease outbreaks, floods etc. Provision of 
sanitation systems such as improved ventilated pit latrines in informal 
settlements will provide the communities with clean and safe environment.  
Such sanitation systems will be able:  
 To prevent the occurrence of potential faecal-oral diseases  
 To provide privacy and maintain households’ dignity 
 To address barriers to household toilet access such as safety, lighting, 
short possible walking distance 
 To discourage fly breeding, control bad odour  
 To encourage behaviour change practices e.g. discourage open 
defecation  
The main focus from government in the provision of basic sanitation should 
be the incremental gains from open defecation or no access to any toilet 
facility, to a basic toilet facility that adequately separates feces from 
humans. According to Russpatrick, Tiwari, Markle, Musonda, Mutunda, 
Osbert, Pinfold, Winters, Winters, and Larsen (2017) mobility up the 
sanitation ladder as demonstrated in the next Figure 5.2  will reduce 
potential exposure to fecal-oral pathogens. 
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Figure 5.2 The sanitation ladder pictures as depicted by Russpatrick, 
Tiwari, Markle, Musonda, Mutunda, Osbert, Pinfold, Winters, 
Winters, and Larsen (2017).  
Local government should be responsible and accountable for services that 
are rendered on their behalf by non-government entities. Municipalities 
should ensure the development of clear and binding contracts with 
contractors. Such contracts should address continuous monitoring of 
services delivered by non-government entities on a regular basis. 
Contractual obligations for sanitation facilities should include detailed 
cleaning schedules, procedures, type of cleaning materials, flies and odour 
control measures.  
Municipalities to formulate guidelines for the management of sanitation 
facilities that are context-specific, compatible with human rights, and 
respect for individuals.  Municipal sanitation by-laws should include all 
aspects of basic sanitation services such as health and hygiene education, 
refuse removal etc. Hand washing facilities should be a compulsory 
component of the basic sanitation infrastructure for households without 
access to on-site water supply.  
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Municipalities should strive to improve access to portable water sources in 
order to reduce the backlog. According to Stats SA (2016) an estimated 
15% of households lived more than 500 metres away from the water source. 
In the interim, household point-of-use interventions are required to improve 
microbiological quality of household drinking water. Municipalities should 
intensify drinking water quality monitoring programmes coupled with water 
safety awareness campaigns for households.  
5.2.2  Possible interventions from households  
Informal settlements should play an active role in selecting viable sanitation 
options which will be more receptive to households. Encourage 
communities to take accountability for the cleanliness and functionality of 
the toilet facility provided. Communities to partake in sanitation awareness 
campaigns, personal and environmental hygiene and more specifically 
hand washing. According Ogwezzy-Ndisika and Solomon (2019) hand 
washing is the most effective and least disruptive hygiene-promoting 
practices. 
Ensure household-level water treatment (HWT) as an interim solution to 
safer water where drinking water is not always accessible. Effective HWT 
such as boiling has shown to significantly improve microbial water quality. 
Encourage safe storage of drinking water to prevent recontamination 
through unsafe handling.  
5.3  Conclusions 
The chapter provided an overall summary of the study findings and their 
integration in an attempt to determine if the continued use of the chemical 
toilets is increasing the risk of infection for households using the toilets.  
Recommendations aimed at the improvement of sanitation status in 
informal settlements were also outlined in the chapter.  
  
81 
 
CHAPTER 6 
CONCLUSIONS 
6.1 Introduction 
Chemical toilets provided in informal settlements often do not meet 
sanitation needs due to unhygienic conditions posing risk of exposure for 
sanitation related diseases. This chapter aims to present overall summary 
of the study findings and limitations of the study thereof. 
6.2 Limitations of the study 
The study was conducted in one informal settlement, which is Zithobeni 
Extension 8 and findings might differ from other informal settlements. The 
findings may be used as a basis for comparison with future sanitation 
studies in other informal settlements. 
The study focused mainly on the cleanliness of the chemical toilets to 
identify health and hygiene risks, further research on other components of 
the sanitation chains that goes beyond the user interface such as transport 
and disposal of faecal sludge should be investigated.  
The study used four different data collection tools, each subjected to its own 
limitations: 
Household Questionnaire was based on self-reporting, most questions 
were regarding perceptions and experiences, which might have introduced 
recall bias. For example, runny tummy episodes occurring 14 days prior to 
the data collection period are likely to be recalled precisely. Also, diarrhoea 
incidences sometimes vary with season, the information collected for the 
study only provided diarrhoea prevalence for a single point in time.  
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Interviews sample size was only limited to the municipal official and 
contractor as the main respondents overseeing operation and maintenance 
of the chemical toilets.  
Observation checklist was used to evaluate the cleanliness of selected 
chemical toilets. Some of the occurrences e.g. cleaning of the chemical 
toilets, might have taken place when the researcher or observer was not 
visiting the site.  
Single-time point sampling was carried out during the dry season it is 
possible that the results on E. coli growth may have been different during 
wet or rainy season.   
6.3 Summary  
What is obvious from the study is that the quality of sanitation facilities is 
determined by operation and maintenance practices such as cleaning or 
lack thereof. The study indicates clear evidence that the current practice of 
providing 'temporary' sanitation facilities which end up becoming 
'permanent' services is unsustainable. According to the study sanitation 
facilities were generally present but in unhygienic conditions with some 
technical aspects that needed attention, such as vent pipes that were too 
short, missing toilet seats lids and doors that are not closing properly.  
Households are not playing an active role in keeping the facilities clean and 
functional rather expecting local authority to keep the facility clean. Lack of 
accountability from households implies that they do not take ownership of 
the facilities provided as they regard it as a shared service. Sanitation 
facilities were subjected to incorrect maintenance and misuse therefore 
their sustainability is in question. The findings from the study confirms that 
behavioral and environmental factors interact in determining hygiene status 
in communities.  
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There is an indication of poor level of accountability for the maintenance 
both from municipality and contractor. The evidence of open defecation 
indicates that chemical toilet are not totally acceptable by households as 
some prefer not to use the facility.  
Providing sustainable and improved toilet facilities will not only increase the 
human health in informal settlements but also have an impact towards 
reaching the SDGs. According to Chipungu, Tidwell, Chilengi, Curtis and 
Aunger (2019), 72% of the Sub-Saharan countries still lacks access to basic 
sanitation, achievement of SDG number 6.2 seems impossible given the 
slow progress being made around sanitation. Government needs to 
acknowledge that informal settlements are established communities that 
requires long-term sanitation solutions rather than treating them as 
temporary and emergency environment.   
According to the study findings most of these facilities do not count as basic 
sanitation judging from indicators such as safety, privacy, dignity, and 
cleanliness. The study found that the continued use of chemical toilets is 
increasing the risk of infection for households using these toilets. The 
increased risk of exposure for households to faecal pathogens is evident as 
E. coli was found in the drinking water, dishcloths, hands and toilet seats 
surfaces.  
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Appendix B 
 
Att: Mr MR Maswanganyi 
Regional Head: Region 7, City of Tshwane Metropolitan Council 
P O Box 440 
Pretoria  
0001 
Dear Sir, 
RE: REQUEST FOR PERMISSION TO CONDUCT A RESEARCH STUDY 
I would like to request permission to conduct a research study on ‘Health and 
hygiene risks associated with the use of chemical toilets in an informal settlement 
in the City of Tshwane’. The study will be conducted in Zithobeni Extension 8 
informal settlement, which is located in region 7 in the City of Tshwane. Pilot study 
will be conducted in Phumzile informal settlement, which is located in region 5 in 
the City of Tshwane Permission and written consent will be sought from the study 
participants. This is a fulfilment of the requirement for a Master’s Degree in 
Environmental Health.  
The objectives of the study are to:  
 observe and evaluate the cleanliness of selected chemical toilets in the 
settlements in terms of visual appraisal and bacteriological analyses 
 examine households’ perception and receptiveness to the use of chemical 
toilets 
 determine hygiene practices of users that may pose a risk to the community 
through testing for the presence of E. coli (hands, doors, seats) as an 
indicator organism for faecal contamination 
If you have any queries with regard to the proposed study, please do not hesitate 
to contact me at 082 885 4923/012 358 6876 or e-mail: 
CrescentiaN@Tshwane.gov.za. 
I look forward to your highest consideration. 
____________________ 
Crescentia Netshieneulu 
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Appendix D 
DEPARTMENT OF HEALTH SCIENCES 
RESEARCH STUDY INFORMATION LETTER 
Good Day 
My name is Crescentia Netshieneulu  I WOULD LIKE TO INVITE YOU TO 
PARTICIPATE in a research study on Health and hygiene risks associated with 
the use of chemical toilets in an informal settlement in the City of Tshwane 
Before you decide on whether or not to participate, I would like to explain to you 
why the research is being done and what it will involve for you. I will go through 
the information letter with you and answer any questions you have. This 
should take about 10 to 20 minutes. The study is part of a research project being 
completed as a requirement for a Master’s Degree in Environmental Health 
through the University of Johannesburg. 
THE PURPOSE OF THIS STUDY is to describe the health and hygiene risks 
associated with the use of chemical toilets provided in an informal settlement in the 
City of Tshwane. 
Below, I have compiled a set of questions and answers that I believe will assist you 
in understanding the relevant details of participation in this research study. Please 
read through these. If you have any further questions I will be happy to answer 
them for you. 
DO I HAVE TO TAKE PART? No, you don’t have to. It is up to you to decide to 
participate in the study. I will describe the study and go through this information 
sheet. If you agree to take part, I will then ask you to sign a consent form.  
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WHAT EXACTLY WILL I BE EXPECTED TO DO IF I AGREE TO PARTICIPATE? 
You will be expected to take part in a survey, answer interview questions. You will 
also be expected to do hand sampling. 
WHAT WILL HAPPEN IF I WANT TO WITHDRAW FROM THE STUDY? If you 
decide to participate, you are free to withdraw your consent at any time without 
giving a reason and without any consequences. If you wish to withdraw your 
consent, you must inform me as soon as possible. 
IF I CHOOSE TO PARTICIPATE, WILL THERE BE ANY EXPENSES FOR ME, 
OR PAYMENT DUE TO ME: You will not be paid to participate in the study and 
you will bear no costs. 
RISKS INVOLVED IN PARTICIPATION: There are no anticipated risks on the 
study. 
BENEFITS INVOLVED IN PARTICIPATION: Contributing to the improvement of 
environmental health and hygiene behaviours in the community. You will also be 
assisting health professionals in gaining understanding on environmental health 
issues associated with chemical toilets in informal settlements. 
WILL MY PARTICIPATION IN THIS STUDY BE KEPT CONFIDENTIAL? Yes. 
Names on the questionnaire/data sheet will be removed once analysis starts. All 
data and back-ups thereof will be kept in password protected folders and/or locked 
away as applicable. Only I or my research supervisor will be authorised to use 
and/or disclose your anonymised information in connection with this research 
study. Any other person wishing to work with you anonymised information as part 
of the research process (e.g. an independent data coder) will be required to sign a 
confidentiality agreement before being allowed to do so. 
WILL MY TAKING PART IN THIS STUDY BE ANONYMOUS? Yes. Anonymous 
means that your personal details will not be recorded anywhere by me. As a result, 
it will not be possible for me or anyone else to identify your responses once these 
have been submitted. 
106 
WHAT WILL HAPPEN TO THE RESULTS OF THE RESEARCH STUDY? The 
results will be written into a research report that will be assessed. In some cases, 
results may also be published in a scientific journal. In either case, you will not be 
identifiable in any documents, reports or publications. You will be given access to 
the study results if you would like to see them, by contacting me.  
WHO IS ORGANISING AND FUNDING THE STUDY?  The study is being 
organised by me, under the guidance of my research supervisor at the Department 
of Environmental Health  in the University of Johannesburg. This Study has not 
received any funding. 
WHO HAS REVIEWED AND APPROVED THIS STUDY? Before this study was 
allowed to start, it was reviewed in order to protect your interests. This review was 
done first by the Department of Environmental Health, and then secondly by the 
Faculty of Health Sciences Research Ethics Committee at the University of 
Johannesburg. In both cases, the study was approved. 
WHAT IF THERE IS A PROBLEM? If you have any concerns or complaints about 
this research study, its procedures or risks and benefits, you should ask me. You 
should contact me at any time if you feel you have any concerns about being a part 
of this study. My contact details are:  
Crescentia Netshieneulu 
 
CrescentiaN@Tshwane.gov.za / Netshieneulu@icloud.com 
You may also contact my research supervisor: 
Ms Renay Van Wyk 
Email: renayvw@uj.ac.za 
If you feel that any questions or complaints regarding your participation in this study 
have not been dealt with adequately, you may contact the Chairperson of the 
Faculty of Health Sciences Research Ethics Committee at the University of 
Johannesburg: 
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Prof Chris Stein  
Tel: 011 5596564 
Email: cstein@uj.ac.za 
FURTHER INFORMATION AND CONTACT DETAILS: Should you wish to have 
more specific information about this research project information, have any 
questions, concerns or complaints about this research study, its procedures, risks 
and benefits, you should communicate with me using any of the contact details 
given above. 
Researcher: 
Crescentia Netshieneulu 
<Signature> 
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ppendix B 
     DEPARTMENT OF HEALTH SCIENCES 
RESEARCH CONSENT FORM 
 Health and hygiene risks associated with the use of chemical toilets in an 
informal settlement in the City of Tshwane 
Please initial each box below: 
     I confirm that I have read and understand the information letter dated 
Click here to enter the date, as is appears on the information sheet. for the above 
study. I have had the opportunity to consider the information, ask questions and 
have had these answered satisfactorily. 
     I understand that my participation is voluntary and that I am free to 
withdraw from this study at any time without giving any reason and without any 
consequences to me. 
 I agree to take part in the above study. 
 I agree to for samples to be used for further analysis. 
__________________  ____________________   _____________ 
Name of Participant   Signature of Participant  Date 
__________________   ________________________  __________ 
Name of Researcher     Signature of Researcher Date 
Appendix E 
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Appendix F 
Households Questionnaire  
Study Identification Number:  
Interview date D D M M 2 0 1 8 
Name of Interviewer 
Outcome of interview
Completed questionnaire 
Partially completed questionnaire 
Reason: 
Questionnaire not started 
Reason: 
Samples can be collected 
Agree 
Disagree 
Proximity of the chemical toilet from the 
household  in meters) 
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Name / ID Gender Highest 
Grade 
Passed 
Employe
d  
 
 
Is there any member of your household who was affected by diarrheal 
diseases within the past two (02) weeks? 
   (Yes/No) Runny 
tummy? 
 
 
(Yes/No) 
Number 
of times 
affected 
in the 
past  2 
weeks 
Did you 
seek 
medical 
treatme
nt? 
(Yes/N
o) 
Where did the person go for 
treatment? 
Person 1/P1 
(Respondent) 
 
       
Person 2/P2  
 
       
Person 3/P3 
 
       
Person 4/P4 
 
       
Person 5/P5 
 
       
Person 6/P6 
 
       
Person 7/P7 
  
       
Person 8/P8 
 
       
Person 9/P9 
Name: 
 
       
Person 10/P10 
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2. Do you use the chemical toilets? Yes 
No 
3. When do you use the toilets? During the day 
At night 
All  the time 
4. If not using chemical toilets, why? 
5. If you are not using the chemical toilets, what do you 
use for toilet activities? 
Open defecation-near 
house 
Open defecation-
field/forest 
Bucket 
Other: specify 
6. Do you ever have to wait to use the chemical toilets? Often 
Rarely 
Never 
7. Who cleans the toilets? 
(Multiple answers acceptable) 
Contractor 
Households 
Other: specify 
8. How often is it cleaned? Daily 
Weekly 
Do not know 
9. Who supplies toilet paper? Contractor 
Households 
Other: specify 
10. Is there bad odour from the chemical toilets? Often 
Rarely 
Never 
11. Are there flies in the chemical toilets? Often 
Rarely 
Never 
12. Do you wash hands after using the toilets? Often 
Rarely 
Never 
Other :specify 
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Appendix G 
 
Observation checklist- chemical toilets 
 
Observation Date  D D M M 2 0 1 8 
 
13.  Is water for the hand washing supplied closer to the 
chemical toilets? 
Yes   
No   
14.  How do you access water for your daily households’ 
activities? 
Communal taps  
Communal water tanks  
Taps in the yards  
Streams/rivers  
Other :specify 
 
 
15.  Do you feel your privacy is maintained when using 
the chemical toilets? 
Satisfied   
Dissatisfied   
Not sure   
16.  Do you feel your dignity is maintained when using 
the chemical toilets? 
Satisfied   
Dissatisfied   
Not sure  
17.  Do you feel safe using the chemical toilets at night? Yes   
No  
18.  Is there any means of lighting at night? Yes  
No  
19.  Have you or any member of your household 
experienced criminal activities when using the 
chemical toilets? 
(rape, molestation, physical assault, robbery) 
Yes   
No   
20.  What type of criminal activities? 
(rape, molestation, physical assault, robbery) 
Please, specify: 
 Name of the Observer: 
Telephone/ Cell number: 
Location of Chemical toilet; 
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ITEM DESCRIPTION YES NO OBSERVATIONS/COMMENTS 
Structure  Door- in good working order    
Door lock lever in good 
working order 
   
Ventilation pipe    
Toilet seat    
Toilet seat lid    
Cracks or damages on the 
container 
   
 
Hygiene Cleanliness satisfactory     
Access to hand washing 
facility  
   
Toilet paper available    
Environment Flies     
Stagnant water around the 
toilet 
   
Odour     
Open defecation around the 
chemical toilet 
   
Refuse dumping around the 
chemical toilet 
   
Stray animals     
Accessibility Access pathway to the 
chemical toilet 
   
Means of lighting    
Average walking distance 
from the furthest household 
   
 
 
 
Appendix H 
Contractor Interview 
 
Interview date  D D M M 2 0 1 8 
 
Name of Interviewer  
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1. Are you a contractor appointed by City of Tshwane for operation and maintenance
chemical toilets?
_______________________________________________________________________________ 
_______________________________________________________________________________ 
2. Who cleans the toilet, and how often is it cleaned?
_______________________________________________________________________________ 
_______________________________________________________________________________ 
3. Do you know the chemicals used for cleaning the chemical toilets, e.g. soaps,
disinfectants? If yes, please specify the product:
_______________________________________________________________________________ 
_______________________________________________________________________________ 
4. Do you know of any fly control measures in place for the chemical toilets? If yes, specify:
_______________________________________________________________________________ 
_______________________________________________________________________________ 
5. Who supplies toilet paper?
_______________________________________________________________________________ 
_______________________________________________________________________________ 
6. Is there water for the hand washing supplied closer to the chemical toilet?
_______________________________________________________________________________ 
_______________________________________________________________________________ 
7. Is there any education programme rendered for the households with regard to the use and
maintenance of the chemical toilets? If yes, what type of education programme?
_______________________________________________________________________________
_______________________________________________________________________________ 
8. How often are the chemical toilets replaced?
_______________________________________________________________________________ 
_______________________________________________________________________________ 
9. How often do you empty the chemical toilets?
_______________________________________________________________________________
_______________________________________________________________________________ 
10. Where do you dispose of the waste from the chemical toilets?
_______________________________________________________________________________
_______________________________________________________________________________ 
11. Do you submit monthly reports to the municipality on the status of the chemical toilets?
_______________________________________________________________________________ 
_______________________________________________________________________________ 
12. Do you have regular meetings with the municipality to discuss issues related to the
operation and maintenance of the chemical toilets?
_______________________________________________________________________________
_______________________________________________________________________________ 
13. Do know or you heard of any incidences of criminal activities associated with the use of
the chemical toilets reported in your office by households? (rape, molestation physical
assault, robbery)
_______________________________________________________________________________
_______________________________________________________________________________ 
14. Do you know or heard of any diarrheal diseases cases from the households?
_______________________________________________________________________________ 
Appendix I 
Municipal Official Interview 
Interview date D D M M 2 0 1 8 
Name of Interviewer 
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1. Are you appointed by City of Tshwane, under the water and sanitation department? Are
you responsible for the rendering sanitation services in region 7, which includes chemical
toilets in informal settlements?
________________________________________________________________________ 
________________________________________________________________________
2. Do you know the contractor/s appointed for the maintenance the chemical toilets in the
region 7? If yes, kindly provide the name and contact details
_______________________________________________________________________________ 
_______________________________________________________________________________ 
3. Do you know the content of the contract between the municipality and the contractor?
_______________________________________________________________________________ 
_______________________________________________________________________________ 
4. Who cleans the toilet and how often are they cleaned?
_______________________________________________________________________________ 
_______________________________________________________________________________ 
5. Do you know the chemicals used for cleaning the chemical toilets, e.g. soaps,
disinfectants? If yes please specify:
_______________________________________________________________________________
_______________________________________________________________________________ 
6. Do you know of any fly control measures in place for the chemical toilets? If yes, specify:
_______________________________________________________________________________ 
_______________________________________________________________________________ 
7. Do you know of any odour control measures in place? If yes, specify:
_______________________________________________________________________________ 
_______________________________________________________________________________ 
8. Who supplies toilet paper?
_______________________________________________________________________________ 
_______________________________________________________________________________ 
9. Is water for the hand washing supplied closer to the chemical toilet?
_______________________________________________________________________________ 
_______________________________________________________________________________ 
10. Is there any education programme rendered for the households with regard to the use and
maintenance of the chemical toilets? If yes, what type of education programme?
_______________________________________________________________________________
_______________________________________________________________________________ 
11. Do you involve other departments or stakeholders when providing chemical toilets to
informal settlements, e.g. municipal health services, health promotion?
_______________________________________________________________________________
_______________________________________________________________________________ 
12. How often are the chemical toilets replaced?
_______________________________________________________________________________
_______________________________________________________________________________ 
13. Do you have regular meetings with the contractor to discuss issues related to the
operations and maintenance of the chemical toilets?
_______________________________________________________________________________ 
_______________________________________________________________________________ 
14. Have you received any complaints or concerns about the chemical toilets from the
households? If yes, what type of complaints?
_______________________________________________________________________________
_______________________________________________________________________________ 
15. Are there any actions taken by the municipality to address the complaints or concerns?
_______________________________________________________________________________ 
_______________________________________________________________________________ 
16. Do you engage the households on issues related to the chemical toilets? If yes, what type
of issues?
_______________________________________________________________________________
_______________________________________________________________________________ 
17. Do the municipality conducts any household satisfaction surveys with regard to sanitation
issues in informal settlements? If yes, when was the last time conducted?
_______________________________________________________________________________ 
_______________________________________________________________________________ 
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18. Are there any reported incidences of criminal activities associated with the use of the
chemical toilets reported in your office by households? (Rape, molestation physical
assault, robbery)
_______________________________________________________________________________ 
_______________________________________________________________________________ 
19. Have you received any complaints or concerns about the chemical toilets from the
households? If yes, what type of complaints?
_______________________________________________________________________________ 
_______________________________________________________________________________ 
Appendix J 
The Chi-Square Test Tables 
Table 1 Chi-square Tests (association between gender and runny tummy cases) 
Value df Asymptotic 
Significance 
(2-sided) 
Exact 
Significance 
(2-sided) 
Exact. 
Significance 
(1-sided) 
Pearson Chi-
Square 
.000ᵃ 1 0,993 
Continuity 
Correctionᵇ 
0,000 1 1,000 
Likelihood ratio 0,000 1 0.993 
Fisher’s Exact 
Test 
1,000 0,535 
Linear-by-linear 
association 
0,000 1 0,993 
N of valid cases 483 
Table 2- Chi-square Tests (association between age and runny tummy cases). 
Value df Asymptotic 
Significance 
(2-sided) 
Pearson Chi-Square 4,263 2 0,119 
Likelihood ratio 4,127 2 0,127 
Linear-by-linear 
association 
0,380 1 0,538 
N of valid cases 401 
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Appendix K 
Zithobeni Clinic Records 
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Appendix L 
Bronkhorstspruit Clinic Records 
 
 
 
 
 
Appendix M 
Turnitin report 
Bronkhorstspruit clinic 
Diarrhoea with dehydration new in child under 5yrs  
March –August 2018 
Month  Number  
March  0 
April  0 
May  0 
June  0 
July 0 
August 0 
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